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EXECUTIVE SUMMARY

The Sheridan Site Committee has investigated the Sheridan Disposal
Services site near Hempstead, Texas. The ultimate objective of
the Ground Water Feasibility Study is to provide a basis for
selecting a cost effective remedial alternative that is protective
of human health and the environment. The alternatives evaluated
are designed to meet this and other remedial objectives as well as
attain Federal and State requirements that are applicable or
relevant and appropriate (ARARsS). The investigation and evaluation
of this site has been divided into a source control effort and a
ground water migration management effort. The ground water
migration management effort has resulted in a Ground Water Remedial
Investigation and this document, the Ground Water Feasibility
Study.

The facility currently occupies approximately 110 acres and in-
cludes a 42 acre evaporation systea, a main pond wvhose surface area
varies from twelve to fifteen acres (depending on water level), and
a seventeen acre dike area around the main pond. Some inoperable
equipment and a group of nine treatment and storage tanks are lo-
cated on the east side of the main pond on the levee. Renaining
acreage consists of borrow ditches excavated for the dikes and
other “"buffer zone® areas inside the perimeter fence.

Following site characterization, ground water migration contiol
technologies were screened from possible general response actions
and assembled into alternatives. These alternatives underwent
careful design analysis, including sufficient design development
to enable a detajiled cost estimate to be prepared. The following
four alternatives survived the screening process and were carried
forward into the detailed analysis phase:

o Take no action at the site.
o Take limited action, including ground water monitoring.

o Construct a slurry wall between the site and the Brazos
River; recover and treat ground water.

o <Construct a line of wells between the site and the Brazos
River; recover and treat ground water.
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GROUND WATER MIGRATION MANAGEMENT
FEASIBILITY STUDY

SHERIDAN DISPOSAL SERVICES SITE
WALLER COUNTY, TEXAS

1 -~ INTRODUCTION
1.1 Purpoge and Scope

The purpose of this Ground Water Migration Management Feasibility
Study (GWFS)} is to present the process and results of the
development of the ground water remedial alternatives for the
Sheridan Disposal Services (SDS) site. This GWFS is based on the
information and data presented in the Ground Water Migration
Management Remedial Investigation (GWRI) and the Source Control
Remedial Investigation (SCRI) by the Sheridan Site Committee (SSC)
and the November 1988 Baseline Risk Assessment (RA). The GWRI
characterized the ground water and defined the hydrologic character
of the site. The RA addressed the necessity of remediation by
evaluating risks. By addressing the risks identified in the RA, the
GWFS alternatives will be protective of human health and the
environment.

The GWFS identifies and analyzes ground water migration control
alternatives that are consistent with the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA),
as amended by the Superfund Amendments and Reauthorization Act
(SARA), and the National 0il and Hazardous Substances Pollution
Contingency Plan (NCP), and which effectively mitigate and minimize
threats to, and provide adequate protection of, public health and
welfare and the environment at the site.

1.2 Sjite Degcription
1.2.1 Geographical Location

The SDS site is located in Waller County, Texas, approximately nine
miles north-northwest of the City of Hempstead, Texas and twc miles
northwest of the intersection of Clark Bottom Road and Farm Road
1736 (Fig. 1-1). The property is hounded on the east, south and
west sides by farm and ranch lands, and on the north by the Brazos
River. The site lies within the Gulf Coastal Plain Physiographic
Province and is transitionally positioned between the Post Gak
Savannah and Blackland Prairie Natural Regions of Texas.

1-1
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1.2.2 gite Geology

The SDS site lies on the Brazos River Alluvium along the southern
bank of the Brazos River. At this location the alluvium is
approximately 55 feet thick and is composed of recent river bottom
and overbank deposits. Sediment types range from clay to gravel.
Two divisions of the alluvium have been designated in the SCRI:
stratum A and stratum B. Stratum A extenda from the surface to as
much as 40 feet in depth, although it is generally 25-30 teet
thick. 1t is composed of reddish brown interbedded sands, silts
and clays. These vary in their lateral extent and composition
depending on the distance from the river. For example, sediments
near the river bank tend to be sandier with lenses of clay and have
small lateral extents, whereas further south, away from the river.
these sedinments are much clayier. cCorrelations of individual beds
within stratum A are difficult to make zcross the site due to the
variable nature of stratum A.

Stratum B is the lower portion of the alluvium and can be
distinguished from stratum A where sand becomes prevalent and
continuous with depth. Stratum b is a typical alluvial fining-
upward sequence for a meandering stream. The upper portion
generally begins as a fine sand or silty sand that continuously
grades downward into coarse sand or pebbles and sometimes gravel
at or near its base. These sediments are reddish tan to brown and
become grey with increasing grain size. They are poorly-to well-
sorted and are composed primarily of quartz and chert grains with
occasional shell fragments. This sequence ig found all over the
site, even though its thickness may vary. Portions or all of
stratum B are saturated and under unconfined conditions. This
forms the uppermost aquifer (referred to as the unconfined or
alluvial aquifer) under the SDS site.

Underneath the alluvium is the Fleming Formation. At the site the
Fleming has baen subdivided into three units: stratum C, stratum
D and stratum E. Stratum C is generally a dense, hard olive green
to grey clay which is laterally continuous under the site, usually
found betwaeen 55 and 60 feet below grade. It often contains layers
of clayey silt or clayey sand within it. These coarser-grained
layers are up to two feet thick. South of Clark Lake at HW-40,
approximately 1700 feet south of the southern edge of the main
pond, stratum C is primarily a cleyey or sandy silt.

The thickness of stratum C is quite variable, ranging from twelve
feet at MW-40 to 37 feet at MW~14. Based on available de .z from
boreholas drilled through October 1987, the average thickness of
stratum C under the site ils approximately 27 feet.
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Beneath this clay is stratum D, a sandy transmissive zone that is
saturated and under confined conditions. It is the second aquifer
underlying the site. Depending on location, stratum D is found
between 65 and 95 feet below grade. Its thickness varies from 9.5
feet to 28 feet, with an average value of 16.5. Stratum D is a
reddish or brown to tan, fine to medium-grained sand that is silty
or clayey in zones. In some areas this sand is very well cemented

with calcareocus cement, forming a hard sandstone layer near the top
of the stratum.

Stratum E is beneath stratum D and is another very hard and stiff
clay layer. It is grey with olive mottling and iron staining and
has a similar appearance to stratum C. The lateral extent and
thickness of stratum E under the tite is unknown.

1.2.3 Facility Description

The facility currently occupies approximately 110 acres, and in-
cludes a 42 acre evaporation system, a twelve to fifteen acre main
pond and a seventeen acre dike area around the main pond (Figure
1-2). Some inoperable equipment and a group of nine treatment and
storage tanks are located on the east side of the main pond on the
levee. Remaining acreage consists of borrow ditches excavated for
the dikes and other “"buffer zone" areas inside the perimeter fence.

The main pond was located in a naturally occurring, low-lying area
that was gradually expanded to about 22 acres utilizing a system
of dikes. The main pond was used as a surface impoundment for
material disposal and for open pit burning. Partial closure

activity reduced the size of the main pond to approximately fifteen
acres.

Water that accumulated in the main pond due to precipitation was
punped into the evaporation system and allowed to evaporate. The

tanks were used for the separation and treatment of incoming liquid
waste.

1.2.4 chronclogical History of Site Management, Use and
Modifications

The SDS site, owned and operated by Mr. Duane Sheridan of
Hempstead, Texas, began accepting industrial wastes for disposal
in the late 19508. These wastes were disposed of by open pit
burning and surface impoundment of ash residue in a naturally low-
lying area of Mr. Sheridan‘'s property. As the volume of material
accepted at the site increased, a levee composed of native solls

1-4
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and combustion residuals from waste burning was constructed around
the pit area to form the main pond (sometime in late 1963). These
site management practices and facilities were used through 1971.

A group of storage and treatment tanks were constructed beginning
in September 1971 in response to an order from the Texas Water
Quality Board (TWQB), a predecessor to the Texas Water Commission
(TWC) . These tanks were used for steam treating oil-water
emulsions. Separated olls were used as fuel for a system of ground
flares that was installed in 1972.

A smaller pond fapproximately 400,000 gallons) was constructed in
the northwest curner of the main pond dike (Figure 1-2}. It was
used to receive incoming materials. From there the waste was
generally pumped into the steam treatment system for emulsion
treatment. Any recovered oils were either sold or used for ground
flares or boiler feed to generate steam. Leftover residunes were
disposed of in the main pond. Liquid wastes from the smaller pond
were discharged directly into the main pond when the steam emulsion
system was not working or uvas over-loaded.

In November of 1972 a fire destroyed the oil burner (incinerator)
system and the surface of the main pond was ignited, burning off
the surface layer of oil. In 1969 and 1973 severe rainfall caused
apparent overflows. The height of the dike was increased in 1975
to mitigate this occurrence.

Dburing 1974 and 1975, several trial burns of new incinerators were
performed by SDS. Permit approval wus granted to SDS by the Texas
Air Control Board (TACB) for a liquid waste burner (incinerator)
that was designed and built by Mr. Sheridan. The incinerator was
in use until June 1978 when a fire destroyed portions of the
system.

In order to take care of the continuing problem of accumulated pond
stornwater, a new facility -- the evaporation system -- was built
in 1976 adjacent to the main pond. This 42 acre impoundment
received wastewater from the main pond into a series of small cells
where it was allowed to evaporate.

SDS began cloging the main pond with dike and other materials in
October 1978, An initial closure plan was agreed to by SDS and
the TWQB in 1979. This plan called for initial closure of the main
pond, pumping of accumulated stormwater from the pond into the
evaporation system, and maintenance of the pond dike. Pond water
was transferred to the evaporation system and approximately seven

1-6
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acres of the main pond, corresponding to the receiving basin, was
covered with fill material.

A final closure plan was submitted to the Texas Department of Water
Resources (TDWR, now the TWC), by SDS on December 2, 1983. It was
rejected in January 1984, at which time the TDWR determined that
SD5 did not have the expertise or resources to properly close the
site. At that time the TWC contacted certain companies, whose
waste may have been disposed of at the SDS site, to reguest
assistance in the site closure. The SSC was formed by certain of
those companies in response to that request and has since worked
with the TWC and the EPA to collect and analyze information
necessary toc evaluate appropriate closure alternatives.

The SDS site was proposed for inclusion on the National Priorities
List pursuant to Section 105 of CERCLA on June 10, 1986.

1.3 Source Material Description

The major sources of organic and inorganic chemical constituents
are the main pond water and sludges. Manifest descriptions of some
of the materials received for disposal at the site are listed in
Table 1-1. Summaries of organic compounds and metals found in all
sources are presented in Table 1-2 (foothotes and references in the
table relate to the Baseline Risk Assessment).

Main Pond

The current surface area of the main pond varies between twelve
and fifteen acres. The depth of the accumulated rainwater varies

between one and six feet during periods of accumulation and
removal.

The main pond contents are stratified into a partial surface oil
and emulsion layer, an aqueous phase and a heavy sludge layer.
The surface oil layer (less than two inches in thickness) current-
ly covers less than fifteen percent of the pond surface and varies
depending on wind conditions. At the present time, the majority
of the oil layer has been removed from the main pond and the main
pond water has been evaporated in the evaporation system in
accordance with an Administrative Order issued by the EPA.

Based on results from the analysis of fifteen samples collected in
June 1987, the main pond sludges vary in thickness from about six
inches to about 24 inches, with an average thickness of 12.4
inches. These sliudges are approximately 45% water, 40% oil, and
15% solids, by weight. This depth contrasta with sludge thickness
measurements of one foot to just over three feet in September 1984
(see Appendix A of RA). An average pond sludge depth of eighteen
inches is used for risk and design calculations.

1-7
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Alcohol, organic phosphorus
compounds, cobalt

Alkyl Benzenes

Barge, RR Tank Car Washings,
& Misc. Chemicals

Benzene, Ethers, Methyl chloride
Butyl Acrylates

Butyl Acrylates

Calcium Arsenate

Caustic and Latex Polymer
Copper Chloride Powder Catalyst
Diethylene Glycol, Resin, w/Toluene
Drilling Muds

Drum Washing Residue

Fatty Acid Esters

Fatty Alcohols

Filter Cake Residue

Furfural, Butadliene Copolymer
Still Bottoms

Herbicides

Hydraulic 0ils

Insecticides

B, S & W 0ils

Table 1-1

Descriptions of Materials Listed on Manifests
for Disposal at the SDS Site

Kerosene & Grease
Kitchen Grease & Water
Methacrylate

Molasses & Water

Oily Wastewater

Organic Sludge, Skimming,

Kerosene and Mineral
Spirits

014624

Phenol Formaldehyde
Pickling Acia

Polyethylene, Diatomaceous
Earth

Process Wastewater
Soap

Sodium

Sodium Hydroxide
Sour Crude 0il

Spent Chlorinated Solvents

Spent Newspaper Inks and
Glycol Solvents

Styrene & Ethylbenzene Bottom
Styrene Monomer w/Diesel
Vegetable 0ils

Waste Chenicals
Water & 0il

o



1192 TABLE 1-2

SUMMARY OF REPRESEMTATIVE CONCEMTRATIONS AND VOLUMES EOR
SPECIFIC WASTE COMPARTMENTS AMD RECEPTORS FOR THE SHERIDAN DISPOSAL SERVICES SITE

REPRESENTATVE
WATER CONCENMTRATIONS (1) REFPRESENTATIVE COMCENTRATEONS FOR SO1L5/SLUDGES (v}
AN CLARK LAKE DIKE AREA EVAPORATION AREA
POND WATER BRAZOS RIVER MAIN  trreciasrrsssmmasene  saas LR R . BACKCROUND
wWATER (2} {WEST END) WATER QuALETY OO AVERACED  MERECTED SO4Ls
PARAMETER {TABLE 4-182)(7} (TABLE 8-T7)¢7) CYABLE B-4)L0) SELOCES (1) SOHES (1) 501 SO S SULLEGES (1) (FABLES 4 -1&2)(F)
A TS mgsl ma i L 1A ~mikg LTS "MrRg [ T4 %-Y ngrkg n kg
Ares (acies) 19 (4) surfictal 12 17 12 40.75% .25 surticial
representative thickness t(leet) 7.9 (M NA 1.5 " 5.9 0.5 0.4 NA
Approximale valume (cu.yds.) 117000 NA 30000 102000 114000 33000 00 NA
Density 1 O gremd V.0 gsomy t.0 greml 11 g/em) Y 6 grsemy 1 3 gromd 1.6 g/omy t ) gremd 1.6 gremy
genzene ND 3] ™ 1050 12 13 N 42.9% [T}
1.4-Dimethyiphencl MND D ND 342 8 L1 ND 24.7 ~ND
Ethylbenzene ND D ND 3267 [ 1 N> 301 ND
naphthalene nND N [ ] 187 [] L} ND ND o t35
Total PcHs N ~D N 159 to 18 MDD (& 25 ND
Phenol 1.8 ND D 69% 43 90 ND 787 ND
Teltachlotoethylene 0. 26 ND D M ND ND [, 2} n.e ND
Toiuene 0.8) [ #] [ 2] 1118 134 1] ND 169 ND
- Teichicroethylene 1.48 () L] 30 N ND L N ~O
4+
@ wetlats Cas total constituenl)
Chromium 1.14 0 0V 0.01 136 13 20 3.4 2.6 n
tead 0.304 0.0112 0.0238 404 149 290 5.7 164 1.6
Nickedl 0 613 o ©.00% 7 3 14 7.6 3.8 - 71
Zinc 4,503 ¢ .07 0.013 373 83 492 T1.6 51 9.6

L N I R N L L L I T T T Y e AR AMcTREEAN S E R AN ST RS mmtR A MR amb b P L L L L R T i R T R

(1% Except for sfudge samples, the tepresentative concentration given s the average of [detected concenlration{s)
plus 1/ csample 6.1 )] found {of the wasle compasiment indicated.
(i) Representative values for siudge samsles are calculated a3 the average of all above-detection-timit concentralions
or 171 ol delected value 7 here is orly one delection in tha data base. See Appendix E-1 for documentation.
These caiculations provide worst-case leve!s lor direci contact exposure and ground waler modeis. Representalive values (or
Toluens and Zinc to not inciude outlier valuves of 36,600 and 13,800 mg/kg. tespeclively, because conceatrations of that
magnttude were nol confirmed (0 1987 samples.
€3} average dike toi! concentration i1 caleylated as the mean of st} visually affected and unaftected solls dats
from the dike boring sampies coilected by July 6-10, 1987 (see Appendix E-1 lor documentation).
These catculations piovide data {of dutt emissions And direci exposire models.
(4) Acresge given i3 based on the assumpilon that, (! abandoned. the pond would fitl Lo an elevation of 176.5 feel
#SL and would decanmt over Lhe lowest part of the dike atl that elevalion «!th each subsequent cainfall
The low poini appesss to be localed on the aorin dike, wesl of the forme: tank Daltery and recelving pond (Figure 2-1).
{%) Dept given Is based on (he average depth (3.6 feet) feom (he water surface to ... studge surface (see Table 3-5)
a3 fecarded ia Ihe jute 17-14, 1907 sepiing of pond studges, plus ihe difference between the water tievation recosded
. on (hal date (917% MS5L) and 376.5° MSt (a difference of 3.5°).
L 6] PTBS (A3 AroctOr 1248) were detected fram 0 3-1° depth In evaporsiton system cells > gna 18 al concenlcations
. E: Of V600 ug/kp and 190 uglky. Teapectively (tampies [rom February 1988 and Decerde:r 1987 iampling events).
-l (7} These Table numbers refer (o ihe Baseline RIsk Afsessment, November, 1988
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Pond Dike

The dike around the pond has a surface area of approximately
seventeen acres and was constructed primarily from surrounding
clays and combustion residues from the incinerator. it is
estimated that up to ten percent of the levee material may consist
of materials characterized as diatomaceous earth filter aid wetted
with a petroleum oil. This filter cake material contains
unspecified organo-metallic chemicals as well as insoluble barium
and zinc salts.

A series of borings were made through the depth of the dike to
confirm its construction and to characterize soils and waste
materials within it. Appendix A of the Source Control FS contains
the boring logs and summary tables for the organic and inorganic
analytical results. The boring logs indicate that affected soil
and sludge in the dikes is typically not encountered until depths
in excess of three feet.

SDS began initial closure actions in 1979. Approximately five
acres of the pond in the northern section were covered with
construction debris and dike material. In an earlier pond closure
efforrt (not completed), another two acres of the southeastern
portion of the pond were capped using apparently clean fill
materials and on-site soils. (These seven acres are included in
the estimated dike area of seventeen acres.)

Evaporation Area Sludges ard Soils

The evaporation system consists of 42 acres of water retention
cells. The majority of organic compounds that were identified in
the evaporation system occur in two isclated sludge deposits at
or near the point of pond discharge into the evaporation system.
Based on samples collected in June 1987 and December 1987, the
remainder of the evaporation system contains soils that are
generally characteristic of background soils in the area. Metal
concentrations were genaerally in the same range as background and
no volatile or semi-volatile compounds were identified. PCBs were
detected at only two of nineteen sample locations at
concentrations of 1600 and 110 ug/kg (ppb). (Appendix A of the
Source Control FS).
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PBroceas Tankade

Treatment process units at the SDS site are located on the top of
the levee and include an incinerator, a boiler, and nine tanks.
The tanks were used for separation and treatment of oil/water
emulsions and storage of solvents and fuel oils. The tanks vary
in size from 500 to 1000 barrels in capacity. The tanks presently

contain approximately 1500 bbl of oil and emulsion removed frem
the surface of the pond.

1-11
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2 ~ EVALUATION OF GROUND WATER. ELOW REGIME AND OUALITY
2.1 ¢Ground Water Flow Regime

The hydraulic characteristics of the unconfined aquifer were g
determined by three different methods: laboratory permeability )
tests, sluyg or bail tests, and a pumping test. Results of :
laboratory permeability testing are discussed in more detail in .
Section 3.5 of the GWRI. The geometric mean coefficient of '
permeability of the samples from Stratum B is 1.4E-04 cm/sec.

8lug and/or bail tests were completed in all newly installed PVC

wells. Fileld procedures and data analysis are presented in .
Appendix C of the GWRI. A summary of results from the GWRI 0
indicate a range of hydraulic conductivity from 3.3E-03 to 1.4E- N
02 cm/sec, with a geometric mean value of 5.8E-03 cm/sec. These O .
values are in the range for a silty sand to a sand and are <

expected given the lithology of the aquiter. Transmissivity
ranged from 1.5E+03 to 7.5E+03 gpd/ft, with a geometric mean value
of 2.9E+03 gpd/ft.

o1

As part of the Source Control RI, a thirteen-hour pumping test
was conducted on the unconfined aquifer beginning 12/18/85,
Analysis of the data yielded an average hydraulic conductivity of
7.9E-03 cm/sec and transmissivity of 4.0E+03 gpd/ft, using a
saturated thickness for the aquifer of 24 feet. These data also
showed that the specific capacity of the unconfined aquifer is
about 0.12 gpd/ft. This would support a water well of 2 gpn,
baged on a saturated thickness of 24 feet.

Comparison of the three sets of data show good agreement between
the different methods of aquifer analysis. Permeability
measurements from the laboratory are slightly lower than the field
data, which may be a function of sample size and recompaction of
the sampla into the permeameter. Mean pumping and slug test
values for permeability and transmissivity are very close given
the variable nature of the methods (a localized test versus a more
regional test) and the inhomogeneities of the aquifer. These
three sets of data characterize the unconfined aquifer in the
vicinity of the site.

In order to assess the movement of ground water in the unconfined
aquifer, water level measurements have been recorded at the site
on a regular basis (monthly or more frequently) from November 1985
until February 1988, Data from these measurements are presented
in Table 3-8 of the GWRI.

2-1 L850 5




These data indicate that the primary flow direction in the
unconfined aquifer 1is to the north or northwest, towards the
Brazos River. The flow direction ¢ccasionally changes to that of
south and west across portions of the site. These changes are
related to the stage (river height) of the Brazos River and the
relative amount of bank storage within the unconfined aquifer.

The river stage at the site has in some cases been measured at
the site and in other cases estimated from measurements taken at
the USGS station in Hempstead, Texas. Details of this analysis
are in the GWRI.

As noted above, careful inspection of a complete set of ground
water contour maps in the GWRI yield several <trends or
relationships. Of primary importance is the influence of the
stage of the river on the ground water flow directions and
gradients. By inspection of the available data and calculated
river stage at the site, it was determined that when the river
reaches a stage of approximately 140 fecet MSL at the site, the
ground water direction shifts from its typical northerly flow to
a southerly and westerly direction. The length of time that the
flow stays in the southerly or westerly direction depends on such
factors as the length of time the river is at a high stage and the

previous water level (saturated thickness) in the unconfined
aquifer.

In order to compare the relative amount of time the gradient is
in any of the three general directions, data from the years 1986
and 1987 were tabulated. The northerly flow direction (including
north/northeast to north/northwest) is prominent for this aquifer,
that is, it occurs about 50% or more of the time. The westerly
direction is next most common, occurring about 35% of the time.
The remainder of flow occurs in the scutherly direction. The
percentage of time calculated here and in the following discussion
assumes no change in flow direction between individual sampling
events; the percentage is calculated as the number of occurrences
of the event divided by the total number of occurrences.

For each of these directions an average gradient has been
calculated and the data are summarized in Table 2~-1. The average
northerly gradient for 1986 and 1937 is 0.0023. In the westerly
direction the gradient is 0.0018, and in the southerly direction
it is 0.0058. The actual lines along which the gradients were
calculated and their locations are on the ground water contour
maps in the GWRI.
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TABLE 2-1

Average Gradlent. Elow Jirection and Percent of Time
for the Uncontined Aquifer {Stratum 8)

Month

or Number of % of Average
MONLtH Dlitrection Occurrences (a) Time (b} Gradient

LA W B Y LR B BN N GsNsElasssavaaw “sPRasaunas AU R R N Y

1986 N (NNW<NNE ) 6 50 0.0018
W (Nw-w) 4.5 38 0.0017
S (Sw-8) 1.5 12 0.0042

57 .0028
33 0018
10 .0074

35 .0020
48 .0018
i7 .0074

90 .0038
10 0014
0 .-

-0043

NOYES:

[a}] Number of occurrences based on dates when flow is In
indicated direction - dates when flow Is bidirectional are
considered half of an occurrence for each of the dlirections.

(bl The peicentage of time calcuiated here assumes no change in fiow
direction and gradient between individual sampiing events: the
percentage Is caiculated as the number of occurrences of the event
divided by the totai number of cccurrences.
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While the 140' river level at the site usually signifies a change
in ground water flow direction, this relationship also depends on
the level of water already existing in the aquifer. That s,
when the river level reaches 140 feet it does not necessarily
always change flow directions. For example, on July 15, 1987, the
river was at 140.3 feet but the flow was still to the north,
probably due to the water previously stored in the aquifer due to
earlier abundant rains and bank storage (Table 2-1). Conversely,
it the Brazos River has been low for an extended period of time
(say six or more months), the direction may change before the
river stage reachea 140 feet because the water level along the
river is so low. The contour maps for the last months of 1987 and
for 1988 show how the aquifer has been draining into the river
and the elevations in the wells along the river have been
decreasing with tine.

The gradients in the unconfined aquifer are also tied into the
relationship between bank storage and river stage. This is most
readily evident along the bank of the river. When the river has
been at low stage for a long time without recharge from bank
storage, the gradient near the river is steeper than the average
gradient by about an order of magnitude. When the river stage
comes up, if it quickly goes above 140’ the southerly gradient is
rather steep. If, however, the river only rises to around 140*
or stays there for any length of time, the gradient along the
river flattens out. Again, this also depends on the head in the
agquifer, such that if the head is relatively high and the river
level comes up quickly, the gradient along the river would not
tend to be as steep as if the head in the aquifer was lowver at the
beginning of the river rise.

As discussed in the GWRI, the net flow (calculated using data from
1986 and 1987) is to the north. For gradients calculated over the
entire site, the net ground water flow was approximately 28 feet
to the north for 1986, and 49 feet to the north for 1987.
Gradients calculated between the northern edge of the main pond
and the Brazos River (the area where the greatest number of
changes in ground water flow direction and gradient occurs) varied
considerably. In 1986 the net ground water flow was less than one
foot to the south between the main pond and the river, while in
1987 the net ground water flow was 121 feet to the north in this
same area. This indicates that while therxe is a southerly
component of flow for short periods of time or over small
distances, the overall flow in the unconfined aquifer is to the
north, into the Brazos River.

014631




2.2 gGround Water Quality

Monitoring wells were installed at the site beginning in 1963 and
ending in 1987. These wells are labelled MW-1 through MW-40 and
are shown in Figure 2-1. From 1963 through 1984 different wells
have been sampled, primarily for general water quality parameters
such as pH, specific conductance, total dissolved solids,
chloride, plus some volatile and semi-volatile analyses collected
in 1984 and 1985. The quality of these data, both in terms of
analytical reproducibility and methods of analysis, has been
questioned. It was determined that QA/QC procedures were not
adequate for these analyses. Therefore the results of these data
were only used qualitatively.

As part of the GWRI, selected wells around the SDS site were
sampled in October 1987 for Priority Pollutant constituents, and
indicator parameters TOC, TOX, phenolics, and cyanide. Field
parameters included pH and specific conductivity. Thirteen of
the wells sampled were screened in the shallow unconfined aquifer.
These included monitor wells MW-31, MW-32, MW-34, MW-36, MW-37,
MW-38, MW-39, and MW-40, installed in 1987 for the GWRI, and wells
MW-6, MW-10, MW-12, MW-18, MW~19, and MW-29 installed during 1984~
1985 for the SCRI. Details of water sampling procedures are
provided in the GWRI.

Analytical results of the October 1987 sampling for the shallow
aquifer are presented in Table 2-2 (Complete analytical data are
provided in the GWRI). For all wells sampled in the unconfined
aquifer no compounds were detected in the base neutral/acid
extractable group cor the pesticide/PCB group. Trace concentra-
tions of dissolved metals were detected in several of the wells.
These trace concentrations are attributed to natural background
variations as well as site activities. Constituent levels of these
metals, however, are at or below their respective Maximum
Contaminant Levels (MCLs) (Table 2-3). A discussicn of the other
parameters measured (e.g. TOC, TCX) can be found in the GWRI.

Buring the 1987 priority pollutant sampling, four compounds were
identified in the volatile fraction group in levels above detec~-
tion limits: benzene, tetrachloroethylene, trans-1,2-dichloro-
ethylene, and trichlorcethylene. These constituents were detected
in only three monitoring wells, MW-34, MW~37 and MW-38. Wells Mw-
34 and MW-37 are located north and northwest of the main pond, and
Well MW-38 is found along the northeastern edge of the main pond
on the inaside of the dike (see Figure 2-1 for well locations).
Concentrations of these constituents ranged from just above
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TABLE 2~-3

List of MCLs From 40 CFR 141

Maximum
Parameter
Arsenic 0.05 nmg/1
Barium 1 mg/1
Cadmium 0.010 mg/1 0
Chromium 0.05 mg/1 '
Lead 0.05 mg/1 ul
Mercury 0.002 mg/1 O
Nitrate (as N) 10 mg/1 <t
Selenium 0.01 mg/1 -
Silver 0.05 mg/l o
Fluoride 4 mg/1l
Endrin 0.0002 mg/1
Lindane 0.004 mg/1
Methoxychlor 0.1 mg/1
Toxaphene 0.005 mg/1
2,4-D 0.1 mg/1
2,4,5 - TP Silvex 0.01 mg/l
Trihalomethanes (total) 0.1¢ mg/1
Turbidity 1-5 TU
Coliform (total) <1lcol/100 ml
Radium 226 + 228 5 pci/L
Gross Alpha 15 pci/i
Beta Particle and photon 4 mrem

radioactivity

Benzene

Carbon Tetrachloride
1,2-~Dichloroethane
1,1-Dichloroethylene
para-Dichlorobenzene
1,1,1-Trichloroethane
Trichloroethylene
Vinyl Chloride

2-8

(annual dose equivalent)

0.005 mg/1
0.005 mg/1
0.005 mg/l1
0.007 mg/l
G.075 mg/1
0.2 mg/l

H.005 mg/1l
0.002 mg/1

G814




detection limits (0.0052 ppn) to a maximum of 0.027 ppm of benzene

The location and concentration of the above constituents defines
a plume of low concentrations of volatile organic compounds that
appear to be coming from the main pond at the SDS site and flowing
north to northwest toward the Brazos River, foliowing the general
ground water flow pattern (see Figure 2-2). The vertical extent
of the plume is not fully known, but it is assumed that the
concentration of the above four compounds is uniform throughout
the shallow unconfined aquiter. Baged on all sampling results,
no site constituents have reached the deeper confined aquifer
beneath the site. This fact was most recently contirmed by the
sampling in October 1987 which showed that none of the four
volatile organic compounds (nor any of the other Priority
Pollutant constituents) were detected in any of the seven wells
sampled which were screened in the deeper aquifar. A complete
discussion of the confined aquifer and its relationship to the
shallow unconfined aquifer is tound in the GWRI.

The plume volume has been approximated by taking the conservative
assumptions that the area of the plume is the main source area
plus the plume as shown on Figure 2-2, and that the entire
saturated thickness is affected. This area was measured with a
planimeter. The estimated volume was calculated as shown below.

Estimated Volume = Area x Aquifer Thickness x
Effective Porosity

= 1,674,444 Sq. Ft. x 24 Ft. x 0.3
= 12,056,000 Cubic Feet

= 90,180,000 Gallons

In summary, the analytical data from the SD5 site indicate that
a limited plume of volatile organic constituents exists and moves
from the main pond in a northerly to northwesterly direction in
response to ground water flow. Consequently, ground water with
low concentrations of these constituents discharges into the
Brazos River.
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3 - GRQUND WATER CONTROL OBJECTIVES

The NCP states the general goals and objectives of remedial
act.ions where {t defines the appropriate extent of remedies in 40
CFR 300.68(1) as: "a cost-effective remedial alternative that
effectively mitigates and minimizes threats to and provides
adequate protection of public health and welfare and the environ-
ment." Compliance with this overall remedial objective is
meagurad, at least in part, by evaluating the selectad alterna-
tives® ability tv mitigate site<specitic rigka, meet the stacutory
preferences for the selection of a remedy, and achieve compliance

with ARARE. Criteria based on these more specific objactives are
outlined below.

3.1 Risk-Based oObjectives

The exposure pathways evaluated in the Risk Assessment establish
the primary basis for identifying site-~specific goals for each
remedial alternative where existing environmental regulatory
criteria are not available. Under current and most probable
future lend-use conditions, only one potential pathway for
exposure exists for ground water; this pathway is seaepage of
contaminants into the shallow aquifer and subsequent discharge
into the Brazos River. The Risk Assessment also describes the
potential scenario of ingestion of contaminated ground water in
thae unlikely event that wells were to be instailed between the
lagoon and the river, in the future. However, it should be noted
that the Source Control ROD calls for the implementation of
institutional controls to prevent any well installation in the
vicinity of the lagoon.

All remedial alternatives considered are designed to satisfy the
following objectives:

1. dinimirze potential impacts on surface waters.
2. Minimize potential for river bank erosion.

3. Minimize the potential for completion of new exposure
pathways.

3.2 Section 121(b) Statutory Obiectives

Section 121(b) of CERCLA, as amended by SARA, states as follows:
"Remedial actions in which treatment which permanently and sig-
nificantly reduces the volume, toxicity or mobility of the haz-
ardous substances, poliutants, and contaminants is a principal

Fi
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element, are to be preferred over remedial actions not involving
such treatmant." S8ection 121(b) also expands the goals of reme-
dial actions to include a preference for remedial actions that
utilize permanent solutions and alternative treatment technologies
or rasource technologies to the smaximum extent practicable.

3.3 Bection 121(d) Statutory Obisctive (ARARS)

Section 121(d) of CERCLA, as amended by SARA, describes the types
of standards that a remedial action is required to meet. The
fundamental standard for evaluating remedies under Section 121
remajins "protection of human health and the environment®., In
addition, the standards, requirements, criteria, or limitations
under any Federal environmental law, or any more stringent State
standard, that are "legally applicable” or "ralevant and appro-
priate* must be met. To obtain compliance with this general
standard, and in recognition of the EPA's July %, 1987 memorandun
"Interim Guidance on Compliance with Applicable or Relervant and
Appropriate Raquiramants*, remedial alternatives were analyzed to
determine what regqulatory requirements would be applicable or
relevant and appropriate. Table 3~1 presents the universe of
environmental standards that were reviewed to determine which ot
them had a bearing on remedial action at the site. Potentially
applicable, relevant and appropriate regulations tor surface water
and ground water are discussed as follows:

o ARARs for Discharde to surface Water

The Brazos River runs adjacent to the sitae. Ground water
discharges into the Brazos River.

State water quality standards are legally enforceable counterparts
to the Federal water quality criteria. 1In Texas, the State water
quality standards are set forth in Chapters 319 and 307 of the
rules and regulations of the Texas Water Commission. Those
standards establish certain numerical criteria which are legally
applicable to waters in the Brazos. All remedial alternatives are
designed to satisfy the requirements of 31 TAC Sections 319.21-
29, 307.1 to 307.10 for the discharge of water from the upper
unconfined sand zone to the Brazos.

With respect to concentrations of chemicals in the river:

(1) Final Maximum Contaminant ILevels (MCLs) are considered
relevant and appropriate where MCLs are available; and
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Table 3-1

STANDARDS, REQUIREMENTS, CRITERIA, OR LIMITATIONS EVALUATED
FOR ARARE DETERMINATION

. Safe Drinking Water Act

. Clean Water Act

. Occupational safety and Health Act
. Fish and Wildlife coordination Act

. Endangered Spacies Act :;
. Rivers and Harbors Act of 1899 O
. Scenic River Act :f
. Taxas Water Code ©

. Taxas Water Quality Standards
. Marine Protection, Research and Sanctions Act

. Exacutive oOrder Requirements for Flood Plains and
Watlands




(2) State and Federal water quaiity criteria for the
protection of human health and the environment are
relevant and appropriate where MCLs are not avallable.

In order to set the concentration 1limits for surface water
different criteria are utilized, depending on the data available.
Numerical criteria are set only for the four compounds detected

in the ground water, (benzene, trichlorocethylene, trans-i,2-
dichloroethylene and tetrachloroethylene), as the source remedy
will act to prevent migration of new waste constituents. Two
compounds, benzene and trichloroethvlc. ., have Federally
established MCLs which govern the level allowed in public drinking
water sources. For these two compouncs the MCLs are 0.005 mg/1l.
The other two compounds do not have established MCLs. For
tetrachloroethylene, the Water Quality Criterion of 0.008 mg/l
based on protection of human health at the 10° excess risk level
for cancer is used. No MCLs, water quality or RfDs have been
established for trans-1, 2-dichloroethylene, therefore no exposure
levels could be calculated for this compound. Instead, the maximum
allowable exposure concentration for trans-1,2~dichloroethylene
was set at 0.005 mg/l, the same level as for the potential
carcinogens benzene and trichloroethylene. Since trans-1,2-
dichlorcethylene is not a carcincgen, using this value will be
nost protective of human health. The governing concentration
limits for each compound of concern are presented in Table 3-2.

o ARARs _for Ground Water

The EPA's ground water protection strategy is based on the
“differential protection" of ground water (i.e., ground water pro-
tection as it relates to a specific classification of an aquifer).
Under the strateqy, ground waters are classified as follows:

o Class I - ground waters that are highly vulnerable and
elther an irreplaceable source of drinking water or
ecologically vital:

Class II - ground waters currently used or potentially
avajilable for drinking water or other beneficial use; and

Clags III - ground waters not a potential source of
drinking water and of limited beneficial use.

Por Class I and Class II ground water Maximum Contaminant Levels
(MCLs) established under the Safe Drinking Water Act would be
applicable for ground water sources which qualify as a public




Table 3-2

ARAR 'S 1O Surface water
shertdan Disposai Services Site

Clean water act

Ambienl water Quality
Criteria tor Protection
of Aquatic Organtsme

e R L L T U

Ambiant water Quallity
Criteria Human Health [3)

LR R R

SDMA 1] consumplion of Consump tion

Freshwates coverning Arap
Chemical and CAs number MCL water and Fish  of Fish OnlY  acute Lec Chronic LEC Concentraticns [3!
o
aenzene 6. 008 0.0066 Q. 4000 5.30 NA 0.00% )
71-43-2 <J
0
Tetrachloroethylene NA 0.008 0.0885 5.18 0.840 0.008 <
117-18-4 L
O
1.2-dichioroethylene NA NA NA MA NA 0.003 (4]
(Trans}
3540-60-53
0.807 45. 4 NA 0.003%
79-01-6

NOotes:

NA = NoOl Availlable or Not Applicable

[1] maximum Contaminant Levei, in mgsi undar cale Drinking wate: Act .

{1} water Quatily Criteria tor prolection of human hes|

th at the 1 g-g3 incremental
(3) The most ptotectiva exposure level .e.

lowest concentiration) tabuiateg
for the specilic hazsrdous constituent based on the various reguiations, mgsi.
(4] Level selected basad on timilar compounds which are carcinogens,

although trangy 1 3 dichlarocethylena is not & knosm carcinogen.

increase of cancer rTisk, mgsi.

l Trichloioethylens 0.00% 0.037



water system or a community water systen. MCLs may also be
relevant and appropriate to ground water that would not currently
qualify as such systems but could potentially so qualify in the
future. Similarly, where the State has established drinking water
standards that are more stringent than the Fedeiral MCLs, these
may be applicable oxr relevant and appropriate.

For purposes of determining degree of remediation for ground water
under Section 121(d), "a process for establishing alternate
concentration limits to those otherwise applicable for hazardous
constituents in ground water™ exists. These alternate concentra-
tion limits which may be higher than other standards or statutory
limitation (such as MCLs), ~re based on protection of human
health. The human health based concentiration limits may be
utilized instead where the following criteria are met (Section
121(¢(d) (2)(B)(ii)): 1) There are known and projected points of
entry of the ground water into the surface water, 2) there is
and will be no statistically significant increase in the levels
of constituents from the ground water into the surface water, and
3) remediation of the site will include institutional measures
to preclude human exposure to affected ground water between the
facility and all known or projected points of entry of the ground
water into the surface water. All of the above criteria are met
for the S8DS site. Alternate concentration limits (ACLs) for
ground water which are protective of human health and the
environment are calculated by setting the PRrazos River
concentrations equal to the final MCL or where not available,
water quality criteria for the protection of human health. The
calculation of ACLs for the compounds of concern is presented in
Table 3-3, based on Brazos River low flow of 137 cfs and taking
the discharge area of the plume as the entire width of the main
pond parallel to the river by the total thickness of the agquifer.

There are two water-bearing zones underlying the site. The upper-~
most zone is unconfined. The next zone, which is separated from
the upper 2one by a clay aquitard, is referred to as the confined
agquifer. Where the potential ground water pathway of concern is
through a surface water discharge, risk-based numbers often form
the baslis for establishing protective levels for the saturated
zone. This approach is also utilized where MCL: are not appro-
priate. Specific factors that may influence the appropriate risk
level include:

(1) Faasibility of providing an alternative water supply:

(2) Current use of the ground water;
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L5613 TABLE 3-3

Calculation of Aquifer Concentrations
dased on Meeting ARAR’S
in the Brazos River

Assumptions

Assumed facillty width = 284.7 m (934 ft.)
Assumed aquifer thiczkness = 7.3 m (24 ft.)

1. Aquifer Flow (Q) = KIA
where: k = 7.9E-03 cm/sec = 6.83 m/day
i = 0.0023 m/m {average gradient for 1986 and 1987)
A = 2083.4 m2 (facility width * aguifer thickness)
Q = 321 mi/day

2. Low River Flow {at Hempstead) = 137 cfs = 135.181 m3/day.
3. Use a safety factor of 2 to calculate allowable concentrations in the aquifer.

Calculations for a Concentration of 0.005 mg/|

- W o e e W W e e e e T o A ke ko e e s e e

(Benzene, trans-1.2-Dichloroethylene, Trichloroethylene)

0.005 mg/l (river concentration) * 335,181 m3/day (min. river flow)
* 1,000 1/m3 (conversion factor}) = 1,675.905 mg/day (total mass (oad from aquifer)

1,675,905 mg/day (mass load) / 32 m3/day (aquifer flow] * m3/1.000 | (conversion
factor}

= 52,37 mg/ b2 {safety factor)
= 26.2 mg/l = the allowable concentration in the aqguifer

Calcutations for a Concentratlion of 0.008 mg/l {(Tetrachloroethylene)

e e e e e A e e B T APy

0.008 mg/l (river concentration for tetrachloroethylene) * 335.181 mi/day (minimun
river flow)

* 1,000 1/m3 {conversion factor} = 2,681,448 mg/day (total mass load from aquifer)
2,681,448 mg/day (mass load} / 32 mi/day (aquifer fiow) * m3/f1.000 | {conversion
factor}

= §3.8 mg/l+2 (safety factor)

= 41.9 mg/l = the allowable concentration in the aquiter

- -

Calculations for agulter permeabliity, gradient and area can be found in
the Baseilne RIgk Assessment dated November 1, 1988.

Discharge 0f tha firazos River at low flow was measured by the USCS at the
Hempstead statlon, approximately 14 miles downstream of the site.
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{3) Effectiveness and relizbility of institutional controls;

(4) Ability to monitor and control the movement of con-
taminants in the ground water.

Also factored into decision making should be:
(1) Ability to limit extent of contamination:
(2) Impact of contamination on environmental receptors;

(2) Technical practicability and cost of remedial alter-
natives.

Clearly, MCLs are not legally applicable to the shallow unconfined
ground water source at the Sheridan site. This is not a "public
water >/stem" as defined under 40 CFR Part 141l.2(e), as it is not
a drinking water source being supplied to at least 25 individuals
at least 60 days out of the year. Indeed, this source is not
supplied to a. y individuals, any days of the year, and institu-
tional controls will be implemented to prevent its use in the
future.

The inapplicability of MCLs does not mean that this ground water
saource does not need to be protected to levels thit will avoid an
endangerment to human health and the environment. Since the conly
recerptor for this ground water source is the Brazos River, it is
expected that this goal can be achieved by ensuring that any
potential impact from the site on the ground water will not resuit
in levels of constituents that, once discharged to the river,
would have an adverse impact on human or aquatic receptors.
Therefore, the calculated ACLs for ground water are based on
meeting ARARs in the Brazos River. The numerical criteria for
both surface and ground water based on the preceding ARARs
analysis are summarized in Table 3-4. It should be noted that
wvhile these proposed ACLs will provide for meeting MCLs in the
river, MCLs for benzZene and trichloroethylene are currently
exceeded in shallow ground water at the site.

LY
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1642 Table 3-4

Numerlcal Criteria for Surface and Ground Water

Surface water
Concentration Ground Water Ground Water

Compound (mg/1}) ACL (mg/1) MCLs mg/!

Benzene 0.09Q5 26 0.005

Tetrachlioroethylene 0.008 41 NA

1,2-trans~dichtoroethylene 0.005 26 WA

Trichlarceihyiene 0.00s 26 0.005
3-9
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4 - SCREENING OF GROUND WATER REMEDIAL ALTERNATIVE TECHNOLOGIES
4.1 Purposc and Scope

The purpose of this section is to define the general classes of
response actions applicable to the site, identify specific
technologies under each of the general classes, and to screen
applicable technologies against site-specific criteria. The
technologies which are retained from this screening will Le
assembled into remedial alternatives and analyzed in further
detal..

General response actions are classes of remedial actions which
define the basic approach to solving a particular problem or group
of problems at the site, but do not identity the specific
technologies. General response actions are identifjied as
applicable if they have the potential to contribute to ground
water remediation either alone or in conjunction with other
response actions. The general classes of remedial actions
considered applicable to the ground water are:

1) Active restoration,
2) Containment through hydraulic control, and
3) Limited or not active response.

Specific mathods to accomplish each of these classes of response
actions have been identified. Potentially applicable methods of
accomplishing the general response actions for ground water are
presented in Table 4-1. This 1list constitutes the extent of
methods considered in the screening performed in the following
section.

4.2 Suitable Remedjal Respopses

In the next sgtep, remedial technologies, corresponding process
options, and applicable general response actions were identified.
These remedial technologies and other response actions were
screenad in a process involving five considerations: the state
of technology davelopment, performance record, inherent construc-
tion and operation problems, site conditions, and waste charac-
teristics. Innovative technologies that were potentially cost
effective were preserved. Technologies and process options were
assessed independently without regard to potential advantages and
disadvantages of technologies when aprlied in combination.
Technologies and other -response actions were assessed rased on
their direct suitability to existing conditions at the site. The
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TABLE 4-~1
GENERAL RESPONSE ACTIONS

Plume Containment

o Slurry wail
o Grout Curtain
o Sheet Piling
o Pumping wells
o Interceptor Trench
Active Restoration w
<t
o Biorestoration O
o In-Situ Chemical Oxidation <F
o Extraction and Treatment —
Limited or No Active Response o
o Natural Attenuation with Monitoring
o Provigion of Alternate Water Supply
o Institutional Controls
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results of this screening of technologies and other response
actions for the Sheridan Disposal Services site are summarized
in Table 4-2. Remedial technologies are grouped by the general
response action which they address. Each potential remedial
response is briefly evaluated in the following paragraphs.

4.2.1 Contajinment
Slurry Wall

A slurry wall is a vertical low-permeability barrier to ground
water flow constructed in soil by excavating a trench and £illing
it with a soil-cement or scil-bentonite slurry. The slurry piugs
the void spaces in the surrounding soils, forming the barrier to
flow.

Slurry walls are a proven technology for the control of ground
water in both environmental and geotechnical projects. Although
a specially skilled and equipped construction crew is required,
a slurry wall can be fairly easily constructed using common earth
moving equipment. For the Sheridan site, depths of 50-60 feet
would be required (keyed-in to Stratum C). Since construction of
slurry walls to depths in excess of 100 feet has been done, it is
quite certain that a slurry wall of this depth can be constructed.
Once constructed, the operating and maintenance costs of a slurry
wall are relatively small. Waste characteristics do not appear
to be incompatible with slurry wall construction requirements.

However, slurry walls are not generally suitable for steeply
sloping terrains. A slurry wall at the Sheridan site would be
located near a sharp embankment above the Brazos River. Althoucgh
there is a relatively flat area about 100 to 200 feet wide
available for construction of a slurry wall, the potential for
erosion exists.

Since erosion control will be implemented as part of the source
remedy, long-term erosion will not damage the effectiveness of a
slurry wall. A spur jetty erosion control system has been
engineered for the dimensions and velocities of this reach of the
Brazos River.

The spur jetty system reduces the velocity of water at the base
of the high bank and redirects currents into the middle of the
river. This prevents additional erosion and causes deposition of
a protective mass of waterborne material at the base of the high
bank. These spur jetty systems have been successfully used at
over fiftaen sites on the Brazos River since 1961.
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TABLE 4-~2
SCREENING OF RESPONSE ACTIONS

Response Action

1. Plume Containment

0G00O0

Slurry wall

Grout Curtain
Sheet Piling
Pumping Wells
Intexceptor Trench

Active Restoration

O
o
o

Biorestoration
In-Situ Chemical Oxidation
Extraction and Treatment
Air Stripping
Carbon Adsorption
Biological Treatment
Ozonation/Chemical Oxidation

Limited or No Active Response

o
o]
o

Natural Attenuation
Provision of Alternate Water Supply
Institutional controls

able

yes
no
no
yes
yes

no
no
yes
no
yes
no
no

yes
yes
yes
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For the reasons listed above, the slurry wall is a suitable
technology for the Sheridan site at the screening level.

Grout Curtain

A grout curtain is a form of vertical flow barrier. It is
constructed by drilling a series of boreholes in a staggered,
double row pattarn, and injecting grout into the formation through
these boreholes. The staggered patiern results in a series of
overlapping grouted columns.

The ability of grout to penetrate fine grained soils is not well
demonstrated. The failure of grout penetration will leave
unsealed pathways through the hydraulic barrier. The grout
curtain is very expensive to construct when compared to the slurry
wall and is frequently a less effective barrier to migration.

Due to the uncertainty in performance ai.d potential construction
problems stated above, the grout curtain is not retained for
further consideration.

Sheet Piling

A sheet piling cutoff wall uses interlocking sheet piles, usually
steel, which are driven into a lower confining layer to form a
barrier to ground water flow.

The sheet piling cutoff wall, although easily implemented in the
unconsolidated soils at the site does not provide an effective
barrier. The joints between the interlocking piles provide a
potential pathway for migration. Furthermore, the integrity of
the wall may decrease with time as the steel may be corroded by
the contact with ground water of relatively high conductivity.

Sheet piling is not a suitable for the site due to anticipated
problems with its performance.

Pumping Wells

A recovery well may be utilized to control migration of a plume
by pumping affected ground water from the aquifer. Usually a line
of wells is required in order to develop a zone of influence which
will control migration over a distance.

4-5 L480
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Tne installation and operation of recovery wells are well
established and well understood technologies. With careful
placement, a number of recovery wells should perform the required
level of recovery. The recovered ground water would be treated
prior to discharge.

The potential disacvantage of recovery wells is that the entire
site discharges only an estimated 7.1 gallons per minute of ground
water to the Brazos River. Wells would not be expected to recover
very much flow; spacing of wells must be carefully designed so
that isolated flow pathways between wells would not exist.

Recovery wells are retained for further evaluation based on the
well established nature of the technology and the anticipated
leval of performance.

Interceptor Trench/French Drain

An interceptor trench, like recovery wells, is designed to limit
the migration of affected ground water. It is a vertical
excavation usually down to the bottom of the saturated zone,
filled with a couarse graded backfill to promote drainage and often
containing a perforated drain pipe. The recovery trench has the
advantage of being a complete barrier to forward flow of ground
water. The trench is typically more expensive than a line of
wells, but is frequently preferred in lower permeability strata
or where very low flows are to be recovered; when dense non-
agqueous liquids are to be recovered; or when the stratum is non-
homogenous and isolated flow pathways that will bypass a line of
wells may exist.

The construction and operation of recovery trenches are well
estab lished, well understood technologies. Typical recovery
trenches are constructed to a depth of about 30 feet, although
with more sophisticated construction techniques, deeper trenches
have been installed. A recovery trench at the Sheridan site would
need to be about 60 feet deep, and would be constructed in
unconsolidated sediments. In order to construct the trench some
method of preventing collapse of the unconsolidated soils during
excavation wouid have to be included.

The bio-polymer slurry trench is a method that has been
successfully used in a few similar instances. The consiruction
method is gimilar to that of a slurry trench in that the
excavation is held open by the use of a slurry until the trench
can be backfilled with the drairage media. The slurry used in
this case is a bicdegradable slurry, which is initially a pseudo-
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plastic fluid, then breaks down naturally to innocuous substances.
It may be feasible to construct a recovery trench at the Sheridan
site using this technique.

The recovery trench is retained for further evaluation, due to
the potential advantages it poses over recovery wells,

4.2.2 jgtive Restoration

Biorestoration

This process consists of the enhancement of natural biological
degradation of organic constituents by the injection of nutrients,
such as nitrogen, phosphorus and frequently oxygen and
microorganisns.

The implementation of this process is fairly simple and well
documented for hydrocarbon constituents; however, the success with
regards to chlorinated solvents, especially in the low part per
billion concentrations is unknown. In addition, areas where silts
and clays predominate make transfer of materials difficult.

This treatmen: is considered unsuitable for further consideration
due to the 1low concentrations of not easily biodegraded
constituents.

In-Situ Chemlcal Oxidation

This process is similar to in-situ biological treatument in that
chemicals are injected into the ground water to effect treatment.
A chemical oxidizer such as hydrogen peroxide is injected and
chemically oxidizes the constituents to a non-toxic form.

The implemantation of this process is fairly simple in permeable
material, but relatively difficult in low permeability materials.
It has not been widely applied as an in~situ process, therefore
it is not a well developed technology.

This treatment is considered unsuitable for further consideration
for several reasons listed below:

o This technology has not been widely utilized.
o It is not well developed.

o The low ground water transmissivity would slow the overall
remadiation.

4-7 L8g0
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o The process is non-specific for the target compounds.
Other compounds present may linterfere with the oxidation
of target compounds.

o There are concerns for worker health and safety with
handling chemical oxidants, which are frequently reactive
or corrosive.

o The target compounds are present at very low
concentrations compared to wastewater where chemical
oxidation 1is typically wused. Thus, there exists

uncertainty that adequate contact of target organics with
the oxidant will occur.

Extraction and Surface Treatment

1. Air stripping

In this process, the water to be treated is contacted in a
countercurrent manner with air in a packed tower. Volatile
constituents in the water evaporate and are carried out with the
air stream. Alr stripping is frequently employed where VOC
concentrations are fairly high, where the high usage rate of
granular activated carbon would be prohibitively expensive. The
compounds in the air stream may be vented to the air if the mass
flow rate or concentration meets ambient air quality standards;
otherwise an activated carbon adsorber is employed to remove these
compounds from the air stream before venting to the atmosphere.

Air stripping is generally a good treatment process for ground
water. However, given the low concentrations of constituents in
the shallow ground water at the Sheridan site, air stripping would
not be certain to attain the treatment goals. Furthermore,
ecunomics favor the use of granular activated carbon adsorption
at the Sheridan site. Air stripping is rejected in favor of GAC
adgorption since it would be less reliable and more expensive at
the Sheridan site.

2. Carbon adsorption

Granular activated carbon (GAC) adsorption is a treatment process
which removes organic constituents. Active sites on the carbon
physically adsorb organic constituents from the water. Eventually
the active sites are occupied and the carbon must be replaced or
regenerated.

The GAC treatment process is simple to implement and operate.
The technology is well established. For the low molecular weight
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chlorinated compounds and benzene, GAC is the most reliable
treatment process. Furthermore, the low concentrations of
constituents to be removed make the economics most favorable for
GAC adsorption. As the cost estimates in Section 6 indicate, four
200~-pound disposable units costing $600 each will be utilized
annually. For these reasons, GAC is retained for further study.

3. Biological treatment

Surface biological treatment consists of the biological degrada-
tion of organic constituents in a process unit, enhanced by the
addition of nutrients, such as nitrogen, phosphorus and oxygen.

This treatment is considered unsuitable for further consideration
due to the low concentrations of not easily biodegraded
constituents.

4. Ozonation/Chemical Oxidation

The organrics in the ground water are chemically oxidized to a less
toxic form in a continuous flow, stirred tank reactor with the
addition of a chemical oxidizer such as hydrogen peroxide, or UV
catalyzed ozone. The anticipated reaction products are carbon
dioxide, water, and hydrochloric acid. A pH adjustment system
could potentially be required to neutralize the end products; also
a vent gas scrubber may be required to control acid gas release
from the reaction.

The most commonly used oxidants are hydrogen peroxide and ozone,
frequently UV catalyzed. Reported uses of hydrogen peroxide are
mainly for treatment of inorganics. Studies indicate that cata-
lyzed hydrogen peroxide oxidation processes can remove organics
by 36% to 66% (Removal of Hazardous Wastes in Wastewater Treatment
Facilities - Halogenated Organics, WECP 1986). Remcval of benzene
to 0.005 mg/l would require an efficiency greater than 80%.
Hydrogen peroxide oxidation systems have the added disadvantages
of complex operation, interferences of other constituents with the
reaction, the hazard and expense of the reagent ($0.60/1b in
1988), and frequent requirement for metals addition as catalyst.
For these reasons, hydrogen peroxide oxidation is not retained.

ozonation is a procesas similar te hydrogen peroxide oxidation.
Ozone is an unstable gas and must be generated on-site, increasing
the complexity of the system. Ozone is unreactive or very slow
to react with many chlorinated aliphatic compounds, including tri-
and tetrachloroethylene. Ozonation is also relatively ineffective
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at benzene oxidation. This process has added disadvantages of
high capital and O&M costs, and requirement of skilled treatment
plant operators to maintain and operate the sophisticated
equipment. (1bid pp. 61-68). For these reasons, ozonation is not
a suitable treatment process fcr the Sheridan site.

As with in-situ chemical oxidation, this treatment is considered
unsuitable for further consideration due to the low concentra-
tions of constituents and unfavorable reaction kinetics. Also,
this type of system is more complex to operate and less reliable
than other treatment schemes.

4.2.3 oOther Remedial Responses

Natural Atteauation

Natural attenuation consists of various naturally occurring
physical, chemical and biological processes which act to reduce
congtituent levels. These processes may include adsorption on
the goil matrix, biodegradation, volatilization and dilution with
incident rainwater. Natural attenuation is generally applicable
under the following conditions.

o Low aquifer transmissivity (less than 50 ft?/day)

o Low concentrations of contaminants
o Low potential for exposure
o Low projected demand for future use of the ground water

According to EPA guidance, "“when constituents are expected to
attenuate to health based leovels in a relatively short distance
or when there is a narrow s:rip of land between the discharge
stream where contaminant levels are not expected to increase,
natural attenuation may be the most practicable response."
(Guidance on Remedial Actions for Contaminated Ground Water at
Superfund Sites, EPA/540/6-88/003 pp. 5-7 to 5~9). Since most of
the preceding conditions apply, natural attenuation is retained
for further consideration.

Iastitutional Controls

The restriction of ground water use is generally accomplished
through the use of institutional controls. Institutional controls
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proposed herein include restriction of construction of water wells
and deed restrictions recorded in the county clerk's office on the
use of the shallow aquifer between the pond and the river.
Institutional controls will be sufficient because the land owner

has agreed not to take any action which would adversely affect the
remedy.

The use of instjitutional controls to prevent use of affected

ground water is anticipated to be reliable and effectiva for the
following reasons:

o There are no current users of shallow ground water
downgradient of the site between the pond and the river
(see Figure 2-3 of the GWRI).

o The narrow strip of land between the site and the Brazos
River is part of the Sheridan property.
o The plume is now located in this narrow strip of land fron

the main pond due north to the Brazos River, with limited
migration in the east-west direction.

o The measured hydraulic gradients indicate that the
prevailing flow is the north (to the Brazos Rivar).

o The amount of water per unit width (perpendicular to the
flow direction) in the unconfined aquifer is very low,
approximately 2.2 ttl/day (17 gpd/ft).

o The yleld of this aquifer is too low to be of agricultural
use, which is the most likely potential use.

It can be concluded that ground water use from the affected area
can pe effectively restricted by preventing site access and by
deed restrictions recorded in the county clerk's office. For this
reason, institutional controls are retained for further
consideration.

Monitoring

Monitoring consists of the analysis of qround water samples from
wells both upgradient and downgradient of the plume to track its
movement. Additionally, for the Sheridan site, monitoring of
surface Water is appropriate since the plume has reached the
Brazos River. Monitoring is used to determine the effectiveness
of active restoration processes as well as natural attenuation
with institutional controls. It is easily accomplished through
the use of monitoring wells. Monitoring for this site is not only
feasible, but 1is a necessary component of every action
alternative. It is retained for this reason.
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5 - ASSEMBLY.OF GROUND WATER REMEDIAL ALTERNATIVES

The objective of this task is to combine surviving technologies
from Section 4 into a range of remedial alternatives for the SDS
site which focus on the remediation objectives presented in
Section 3, and which are consistent with EPA requirements and
sound engineering practice. A total of five remedial action
alternatives were developed, including a no-action alternative.
A fact sheet for each alternative provides a discussion of the
disposition of site material along with the sequence of the
proposed remedial work. This information is used along with
considerations of effectiveness, implementability and cost to
select a more limited set of alternatives for detailed analysis.

5.1 Assembly of Alterpatives

From the list of suitable remedial action technologies contained
in Table 4-2, it is possible to assemble complete remedial
alternatives which address the remedial objectives in Section 3,
attain Federal and State requirements that are applicable or
relevant and appropriate » d are protective of human health and
the environment.

The EPA guidance document (Guidance on Remedial Actions for
Contaminated Ground Water at Superfund Sites) issued since the
passage of the Superfund Amendments and Reauthorization Act sets
forth a general scheme for developing a range of remedial
alternatives that should be evaluated in the FS. The general
categories within this range are as follows:

1. A No Action alternative.

2. A natural attenuation alternative that includes
institutional controls and monitoring.

3. An active restoration alternative that reduces contaminant
levels to required cleanup levels in the minimal time
feasible.

4. Additional active restoration alternatives that achieve
cleanup levels over longer time frames.

5. A plume containment alternative that prevents expansion
of the plume.
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6. An alternative involving wellhead treatment or provision
of an alternative water supply and institutional controls
when active restoration is not practicable.

The principal feature at the Sheridan Disposal Services site is
the twelve acre surface impoundment or main pond. The source
remedy includes treatment of sludges and affected soils from this
impoundment, and disposing of treatment residues along with other
source material under an engineered cap. Since the source
material will be effectively contained, the ground water
alternatives focus on the remedy of existing waste constituents
in the ground water.

5.2 Remedial Alternatives

The following pages contain fact sheets for each alternative.
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o Alternative 1 - No Action

Sequence of Work

None. No monitoring, inspection or maintenance.

Piscussion:

This alternative does not
improvements at the site,
containment.

provide for any additional capital
beyond the source area treatment and

5=13 Laso
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o Alternative 2 - Natural Attenuation with Institutional
controls and Monitoring

Sequence of Work

1. Monitor ground water and Brazos River water quality
2. Implement institutional controls

Discussion:

This alternative provides for allowing natural attenuation
processes to act upon the constituents, applying institutional
controls to prevent ground water from domestic or agricultural
use and monitoring the quality of water within the current ground
water plume, As demonstrated in Section 3 of this document, the
low concentrations detected in the unconfined aquifer do not pose
a current risk to human health and the environment. The
implementation of institutional controls effectively addresses the
future exposure to ground water. Furthermore, since the source
areas will be effectively contained, future site conditions should
not deteriorate. Therefore, both current and future conditions
are addressed with this alternative.
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£ ve - with Grou KHate e

Sequence of Work

1.

2.
3.
4.
5.

6.

Install slurry wall downgradient of the site (i.e. between
the site and the Brazos River).

Install recovery wells upgradient from the slurry wall.
Construct surface treatment facility.

Recover and treat on-site and discharge.

Monitor ground water.

Implement institutional controls.

Discussion:

In this alternative, the primary mechanism for controlling
migration of waste constituents in the ground water is the slurry
wall, with the recovery wells collecting flow around the ends of
the wall. The presence of the slurry wall minimizes the
withdrawal of unaffected water with the wells, thus minimizing
the volume of water requiring treatment.
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o Alternative 4 = Complete Slurry Wall
Sequence of Work

1. Construct slurry wall around the site (i.e. around the main
pond) .

2. Dewater the area inside the excavation for the slurry wall.
Dispose of affected ground water on-site in a manner approved
by EPA or at an off-site facility permitted to accept CERCLA
site wastes.

3. Install leachate collection system.

4, Recover leachate and dispose on-site in a manner approved by
EPA or at an off-site facility permitted to accept CERCLA site
wastes.

5. Monitor ground water.

Discussion:

The slurry wall will act to surround the source and attainment
area, eliminating migration of ground water through any remaining
materials. A properly designed and constructed slurry wall will
provide an effective ground water barrier for many decades with
little or no maintenance. The very minor amount of water removed
after construction consists of incident rain water percolating
through the area and a small volume of ground water flowing
through the low permeability wall. Removing this water through
a leachate collection system ensures that the hydraulic gradiert
is inward.
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alternative 5 - Recovery Wells and Ground Water Tireatmant

Sequence of Work

1.
2.
3.
4.
5.

Install recovery wells downgradient of site.
Construct surface treatment facility.
Recover and treat ground water on-site.
Monitor ground water.

Implement institutional controls.

Discussion:

This alternative includes the traditional method of control of
ground water migration: withdrawal and treatment. The treated
water will be discharged to the Brazos River.
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Alternative 6 - Recovery Trench and Ground Water Treatment

Sequence of Work

1.
2.
3.
4.
5.

Install recovery trench downgradient of site.

Construct surface treatment facility.

Recover, treat and discharge ground water on-site.
Monitor ground water.

Implement institutional controls.

Discussion:

This alternative is the same as Alternative 5 except that
ground water is recovered with a trench rather than wells.
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$.3 Initial Screening

Following assembly of these six remedial alternatives, each
alternative was evaluated on the basis of effectiveness, ease of
implementation, and preliminary costs. Preliminary cost estimates
are presented in Table 5-1. On the basis of this evaluation, two
alternatives were rejected. The rationale for rejecting these
alternatives is provided below:

Alternative 4 ~ Complete Slurry Wall

This alternative effectively addresses all the risk-based and
regulatory remedial objectives. However, a slurry wall encircling
the entire site is the most expensive alternative, while being no
more effective at ground water remediation than other less
expensive alternatives such as Partial Slurry Wall with Ground
Water Treatment and Recovery Wells with Ground Water Treatment.

Alternative 6 - Recovery Trench with Ground Water Treatment

This alternative also effectively addresses all the risk based
and regulatory remedial objectives. It is screened out at this
stage based on both costs and implementability. The problem of
excavating a relatively deep trench in unconsolidated, non-
cohesive soils has been successfully addressed at a few sites by
the use of a biodegradable polymer to hold the trench open until
it is backfilled. A very few, highly specialized construction
firms are currently able to perform this type of work. There is
limited space at this site in which to complete this construction.
This type of trench can be constructed, but its installation would

be difficult, more expensive, and no more effective than utilizing
wells to recover the ground water.

5.4 Summary

The following alternatives survived the preceding initial
screening, and undergo detailed design analysis in the next
section:

- No Action

- Natural Attenuation with Institutional Controls and
Monitoring

- Partial Slurry Wall with Ground Water Treatment

Recovery Wells with Ground Water Treatment
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Table 5~1

Comparison of Cost and
Time to Completion

Time to
Total cCost [ Completio&
—Alternative {Milljon 8) = _(Years)
1. No Action ——— ——
2. Natural Attenuation 0.3 30
with Institutional
Controls and Monitoring
3. Partial Slurry Wall w/ 4.2 25
Ground Water Treatment
4. Complete Slurry Wall 10.8 25k
5. Recovery Wells w/ 5.3 25
Ground Water Treatment
6. Recovery Trench w/ 8.3 25f!

[o]

b]

{ei

Ground Water Treatment

For monitoring costs, it is assumed that wells are installed
during Source Remediation. Costs included here are only the
cosuv of sampling and analyses.

The time frames calculated in Appendix A are only general
approximations of the time it might actually take to extract
one pore volume. Actual time frames may be considerably
longer. The costs and times to completion are based on the
assumption that extraction of one pore volume wili be adequate
for completion.

Since these alternatives were not carried through to the design
analysis, specific times to completion were not calculated.
The time frames for these alternatives are assumed to be the
same as for Alternative 5.
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6 - DETAJILED ANALYSIS OF GROUND WATER ALTERNATIVES

Previous sections identified combinationa of ground water control
technologies that can be used at the SDS Site to protect human
health and the environment. Section 5 developed these combinations
of technolcgies into alternatives and screened out two alterna-
tives. This section develops further the evaluation of the
surviving alternatives, and then compares the relative strengths
and weaknesses of each alternative. The remaining alternatives are
designated as follows for ease of reference:

Alternative A - No Action

Alternative B - Natural Attenuation with Instituticnal
Controls and Monitoring

Alternative C - Partial Slurry Wall with Ground Water
Treatment

Alternative D - Recovery Wells with Ground Water Treatment

Comparisons of the detailed design of the three remaining alter-
natives are made in terms of compliance with ARARs; reduction in
toxicity, mobility or volume; short-term effectiveness; long-term
effectiveness and permanence; implementability; cost; and overall
protection of human health and the environment. Comparisons are
based on guidance provided in a July 24, 1387 EPA memo from J.
Winston Porter and are first presented in detailed narrative
discussicn, and summarized by a check ("."), check-plus ("+"),
check-minus (*~%} scale. More detailed cost comparisons are then
made, with sensitivity analyses based on capital cost, O0&M cost,
and present worth discount rate.

6.1 Design of Alternatives

A conceptual design has been developed for Alternatives C and D
based on the GWRI, RA and appended information. These designs
incorporate engineering judgment, vandor data, and experiences with
comparable ground water remediation projects.

This section covers the design of a slurry wall and ground water
recovery and treatment systems. The ground water treatment system
and the recovery well construction would be common to both
Alternatives C and D.




6.1.1 Design Basis

Ground water would be recovered only from the unconfined aquifer
since the ground water analytical data indicate that no waste
constituents are present in lower water bearing strata.
Furthermore, the Stratum D aquifer below this upper aquifer is
confined and for most of the year is under a higher hydraulic head;
thus if these two aquifers were interconnected, flow would be
upward into the unconfined aquifer, as stated in the GWRI.

The following common design basgis is used for both Alternatives C
and D. The data for this basis is taken from the ground water
remedial investigation and the Source Control Remedial
Investigation,

The normal volume of ground water recovered would be approximately
twenty gallons per minute based on the unconfined agquifer pump test
(Source Contirol RI). See Appendix B for supporting calculations.
The ground water treatment is based on the design influent analysis
(Table 6-1).

The influent analysis has been sgelected based on the highest
detected level in any well for each component. It is very
conservative as it does not take credit rfor dilution from wells
which are outside the plume of waste constituents. The influent
analysis upon which the preliminary design is based includes only
those constituents detected in the ground water.

The recovery wells or slurry wall placement would be based on
intercepting a 1500 feet long section of the site. Well spacing
would need to be one every twenty feet based on the hydraulic
conductivity data obtained in the unconfined aquifer pumping test.

6.1.2. Common Resiqn Elements
Ground Water Treatmeat Unit

The ground water treatment unit would be common to both alterna-
tives € and D. It is therefore described here and not duplicated
under the design sections for both alternatives.

The proposed process is described as follows. Water from the
recovery pumps located in the wells would be discharged into a
holding tank designed for twelve hours retention time to equalize
the influent flow to the unit. The influent would be filtered
through sand and cartridge type filters, and treated through two
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constituent

Table 6-1

Design Influent Concentration

Concentration mg/) ©

trans-1,2 dichloroethylene

Trichloroethylene

Tetrachloroethylene

Benzene

(s)

Based on the hi

Mw-34,

MW-37, or Mw-38 during th

0.025
0.015
0.021

0.027

ghest level detected in one of the wells

e 10/29/87 sampling event.
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granular activated carbon (GAC) adso
The effluent of the primary adsorbe
through of any of the four consti Table 6-1 and
would be re The secondary unit
hew secondary unit
would be placed. In this manner, a polishing unit would always be
available to ensure that waste constituents are not present in the
effluent. The polished effluent would flow by gravity to the
Brazos River. Spent adsorber units would be shipped off-site for
disposal or regeneration. Figure 6~1 depicts the Proposed flow
scheme of the treatment unit.

The design basis for the treatment unit is as follows:

Design Flow Rate 20 gpm normal, based on 7.1 gpm
ground water discharge to river
calculated during pumping test.

Influent Holding Tank Twelve hours capacity at normal
flow; 10,000 gallon capacity FRP
tank.

Sand Filters Removes larger particles of silt
to decrease frequency of changes
of the cartridge filters.

Cartridge Filters Remove silt and particles down
to 15 microns to protect the GAC
unit from fouling with solids.

GAC Units Sized for 11 minutes contact
time in each vessel. Removes
the constituents shown in Tahle
6-1 approximately to below
detection limits. Carbtrol model
L-1 or equivalent with 200
pounds of activated carbon in
a 55 gallon steel drunm.

Design GAC Consumption Rate 0.07 1b/1000 gallon treatad
water

Unit Change Out Rate Approximately four units per
year
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Recovery Well Design

The recovery well construction is also common to both alternatives
C and D. Well design is described here and not duplicated under
the design sections for both alternatives,

Well Depth 60 feet average

Well Construction 4" dianeter polyvinyl chloride
(PVC) casing w/screened
interval 35-55 feet,

Recovery Pumps Pneumatic submersible type:
Sized for one gpm each; With
high and low level controls.

Institutional Controls

years, some long~term provisi ng use of the shallow
aquifer is reguired. As previously stated, there are no current

shallow ground water users downgradient of the site between the
pond and the river. Therefore, institutional control would be used
to restrict new well construction. Extraction of affected ground
water would be prevented by the use of access and deed restrictions
recorded in the county clerk's office, since the plume is entirely
on SDS property.

6.1.3 Alterpative A - No Acticn Alternative

Description:

Altearnative A, No Action includes no capital improvements at the
site or any maintenance or monitoring effortsg.

Overall Concepts:

None No additional capital improvements made
at the site.




6.1.4 Alternative B - Natural Attenuation Wwith
Instituti ] : or]

Description:

Alternative B relies on lowering contaminant concentrations through
physical, chemical, and biological processes. This alternative
alsc includes monitoring to track the direction and rate of
movement of the plume, as well as responsibility for maintaining
effective, reliable institutional controls to prevent use of the
contaminated ground water. Surface water monitoring, both upstream
and downstream of the site, would supplement ground water
monitoring to ensure that ARARs continue to be met.

Overall Concepts:

Instituticnal Controls Deed restriction recorded in the county
clerk's office to prevent future use of
affected ground water.

Monitoring The existing wells, plus any others
installed during the socurce remedy would
be used for monitoring. No additional
capital improvements would be made to the
site.

6.1.5 Alterpative ¢ - Partial Slurry Wall with Ground
Water Treatment

Description:

A slurry wall located approximately as shown on Figure 6-2 will
intercept the ground water flow and channel it to a group of wells
located at each end of the impermeable wall. Ground water will be
extracted with these wells and treated for removal of specific
organic¢ constituents. The treated effluent will be discharged to
the Brazos River. When all wells are shut down, the treatment unit
will be decontaminated and dismantled. It is estimated that the
treatment unit will be operated for 25 years, based on modeling
provided in Appendix A. At this rate, the ground water at the
upgradient edge of the source area will reach the slurry wall in
approximately 25 years.

Overall Concepts:

Institutional Controls Deed restriction recorded in the county
clerk's office to prevent future use of
affected ground water.

Slurry Wall Length 1500 Feet
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Slurry Wall Depth 60 Feet minimum; keyed<in 3 feet to the
: aguitard below the unconfined aquifer
{Stratum C)

Well Spacing and Number 3 wells located at each end and in the
middle of the sliurry wall.

Well construction and treatment unit are as described under Section
6.1.3, Common Design Elements.

6.1.6 Altermative D - Recovery Wells with Ground Water
Treatment
Description:

This alternative consists of placing a line of wells located
approximately as shown on Figure 6-3. Ground water will be
extracted with these wells and treated for removal of specific
organic constituents. The treated effluent will be discharged to
the Brazos River. When all wells are shut down, the treatment
unit will be decontaminated and dismantled. It is estimated that
the treatment unit will be operated for 25 years, based on modeling
provided in Appendix A. At this rate, the ground water at the
upgradient edge of the source area will reach the intercepting line
of wells.

Overall Concepts:

Institutional Controls Deed restriction recorded in the county
clerk's office to prevent future use of
affected ground water.

Well spacing and number 75 wells on 20' centers

Well construction and treatment unit are as described undey Section
6.1.3, Commor Design Elements.

6.2 gcomparative Evaluation of Alternatives
6.2.1 cConmparative Evaluation Criteria

Having defined the three surviving alternatives in more detail,
this section of tne GWFS subjects each alternative to a ccmparative
evaluation. This comparative evaluation is conducted on the basis
of seven factors or criteria. These criteria include: (1)
Compliance with ARARa; {2) Reduction in mobility, toxicity or
volume; (3) Short term effectiveness; (4) Long term effectiveress
and permanence; (5) Implementability; (6) Cost; and (7) Overall
protection of human health and the environment.
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The considerations relevant to the comparative evaluation for each
of these seven criteria are outlined below, followed by the
detailed evaluation of the relative strengths and weaknesses of
the various alternatives on the basis of these considerations.

1.

Compliance with ARARs

In determining appropriate remedial actions at Superfund
sites, ccnsideration is given to the requirements of
other Federal and State environmental laws, in addition
to CERCLA as amended by SARA. Primary consideration is
given to attaining applicable or relevant and appropriate
Federal and State public health and environmental laws
and regulations and standards. Not all Federal and State
environmental laws and regulations are applicable to each
Superfund response action. Section 3 describes those
ARARs specific to the Sheridan site. Section 6.2.3
evaluates the degree to which the selected alternates
comply with these ARARs.

Reduction in Toxicity, Mobility or Volume

The degree to which alternatives employ treatment that
reduces toxicity, mobility or volume is assessed.
Relevant factors to this consideration include:

o The treatment preocesses which the proposed solutions
employ and materials they treat;

o the amount of contaminated materials that will be
destroyed or treated;

o the degree of expected reduction in toxicity, mobil~
ity or volume;

e the degree to which the treatment is reversible:
and
o the residuals that will remain following treatment,

considering the persistence, toxicity, mobility, and
propensity for bio-accumulation of such hazardous
substances and their constituents.

Short-term Effectivepess

The short-term effectiveness of an alternative is
assessed including a consideration of the following:
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Magnitude of reduction of existing risks; and

short-term risks that might be posed to the com-
munity, workers, or the environment during the
implementation of an alternative including potential
threats to human health or the environment
associated with excavation, transportation, or
redisposal or containment.

Long-term Effectiveness and Permanence

Each alternative is assessed for the long-term effec-
tiveness and permanence it affords along with the degree
of certainty that the remedy will prove successful.
Factors considered include:

Q

0

magnitude of residual risks in terms of amounts and
concentrations of wastes remaining following
implementation of a remedial action, ccnsidering
the persistence, toxicity, mobility and propensity
for bio~accumulation of such hazardous substances
and their constituents;

type and degqree of long~term management required,
including monitoring and operation and maintenance;

potential for exposure of human and environmental
receptors to remaining waste considering the
potential threat to human health and the environment
associated with excavation, transportation,
redisposal, or containment;

long-term reliability of the engineering and
institutional controls, including uncertainties
associated with the land disposal of untreated
wastes and residuals; and

potential need for replacement of the remedy.

Inplementability

The ease or difficulty of implementing the alternatives
is assessed by considering the following factors:

Q

degree of difficulty associated with constructing
and maintaining the solution:




expected operational reliability of the treatment
technology:

need to coordinate with and obtain necessary
approvals and permits (or meet the intent of any
permit in the case of Superfund actions):

availability of necessary equipment and specialists;
and

available capacity and location of needed treatment,
storage and disposal services.

Costs

The types of costs assessed include the following:

o capital costs;
o operation and maintenance costs;

net present value of capital and operation
maintenance cost; and

potential future remedial action costs.

Following the analysis of the remedial options against
individual evaluation criteria, the alternatives are
assessed from the standpoint of whether they provide
adequate protection of human health and the environment.

SARA directs EPA to give preference to solutions that
utilize treatment to remove contaminants from the
environment. Off-site transport and disposal without
treatment is the least preferred option where practicable
treatment technologies are available.

6.2.2 Evaluation Summarxy

The following values were assigned to compare remedial selection
criteria:

4+  Alternative should exceed a criterion in comparison to
other alternatives.




“.% Alternative should meet the selection criterion.

u.#  Alternative will not meet a criterion, or will not meet
a criterion as well as other alternatives.

The rationale for the ratings assigned each alternative is pre-
sented in the following subsections.

6.2.3 > e Wi

The No Action Alternative is accorded a rating of “-¢ due to the
inability to monitor the ground water and determine whether ARARs
are continuing to be met for the long term. The Alternatives B,
C, and D all meet ARARs and are rated ".",

6.2.4 io [} it i or Volume

Natural attenuation has some effect on the reduction of toxicity,
mobility or volume of waste constituents given the site
characteristics as stated in Section 4.2.3. For this reason,
Alternatives A and B are ranked ".". Alternatives C and D include
treatment and thus reduce the toxicity of the ground water. These
alternatives are given a rating of "+". It should be noted that
at the design flow rate and composition of the treatment scheme
proposed for Alternatives C and D, less than eight pounds total of
the four target organics would be removed in the first year and
this quantity would very likely continue to decrease with time.

6.2.5 ghort-Term Fffectiveness
The No Actinn Alternative is ranked "-" due to the inability to

prevent ground water use before attenuation takes place. The
Matural Attenuation Alternative, for the short-term, is equally
effective as Alternatives ¢ and D. All three alternatives will
result in ground water concentrations which meet ARARs and do not
pose a risk to human health and the environment, as stated in
Section 3. For this reason, Alternative P is ranked *.%. Alter-
natives C and D will cause on-site workers to be exposed to some
risk since these alternatives include active construction and
operation activities. Therefore, Alternatives C and D should be
ranked "-*",

6.2.6 Lona-Term Effectjiveness and Permanence

The No Action Alternative is ranked "=-% due to the inability to
monitor whether ARARs are continuing to be met ror the long term.
In the long-term, the concentrations of constituents will be
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reduced by natural processes, therefore Aiternative B is accorded
a ranking of ".". Alternatives C and D will be slightly more
effective at reducing the concentrations of constituents in the
long~-term. Both C and D are rated Y+%. It should be noted that
alternatives C and D have the risks of extracting the ground water
s0 that human contact may be made before either dilution or
treatment, and concentrating them on GAC in a form that must be
disposed of or regenerated.

6.2.7 Implementability

Alternative A and B would be the most easily implemented and are
therefore rated "+%, Between the remaining alternatives,
Alternative D is more easily implemented than C. It is rated ".",
since it requires construction of wells and a treatment plant.
Alternative C, partial slurry wall with ground water treatment, is
rated "=" due to the difficulties in constructing a slurry wall
considering the asite constraints. Site constraints include a
narrow strip of land for access, the fact that a trench of 65°'
depth is beyond the reach of normal trenching equipment and a new
working "bench" must be constructed.

6.2.8 Cost

Table 6-2 summarizes the total cost of the alternatives as devel-
oped in detail in Section 6.3 and in Appendix C. Costs are
presented as capital, operating and maintenance and total cost.
The No Action and Natural Attenuation with Institutional Controls
and Monitoring alternatives are the least costly alternatives and
are both ranked “+¥. Alternative C is second in terms of cost and
is rated ".", Alternative D is the most costly alternative and is
therefore rated "“-".

6.2.9 Overall Protection of Human Health. Environment

The No Action Alternative is ranked *-", due to the inability to
prevert potential use of affected ground water and lack of
monitoring. Alternative B is ranked *." since the seepage of
ground water into the Brazos River under current and projected
future conditions will result in concentration levels which are
protective of human health and the environment. Institutional
controls would effectively prevent use of the affected ground
water. Alternatives C and D are equivalent to Alternative B in
terms of overall protection of human health and the environment
and are therafore rated "." The reasons for this ranking are
discussed below: "

6-=15 Laga
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Table 6-1

Présent value Cosl Summary For Allernalives

Aft. 8 - Alt. ¢ - Alt. D ~ N
Natural attenuation Partial Slurry geacovary wells
AlL. A - w/insiitulional controis  wail w/ Ground ssGround 99
MO ACLION and moni Lot ing waler Tireatment water Treatment U
cosl item (S} {($M) () ($) <t
feceesieansaaaa cevesressans amaua aceaan censenmanna hamavacessioaan teisesreduauaan —
Estimated Capital Cost 1] ¢ 850 1,09%
O
Total Operating cost f{a) 0 326 4106 5,171
PV Operating coslts [b} 0 194 1,144 2.180
Tolal Alternative cost [al a 116 4.956 6,266
PV Allernative cost (B) o 194 1.%94 3,178
fa} This cost represents present value of 10 years annual cosls
assuming that the effect of inflation cancels Lhe after-tax rale.
[B] 30 Year present value wilh annual interest rate » S8 and inflation = 0%
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The shallow ground water recovery rate is relatively low, therefore
withdrawal of onhe pore volume will require greater than 25 years.
Since extraction of several pore volumes is frequently necessary
in similar situations to achieve the remedial objectives, it is
anticipated that treatment would continue for some multiple of 25
years. During this relatively long time period, the shallow ground
water would not meet drinking water criteria and could not be used
as such. Institutional controls would be maintained for this
period to prevent potable use of the shallow aquifer. The reality
of the situation under any of Alternatives B, C or D is thus
identical, i.e., long~term institutional controls are required to
prevent use of the shallow aquifer.

Furthermore, although Alternatives C and D would affect a reduction
in toxicity, mobility or volume as stated in Section 6.2.4, this
reduction is minimal. At the design flow rate and composition of
the proposaed treatment scheme, less than eight pounds total of the
four target organics would be removed in the first year and this
quantity would likely decrease with time. This small reduction in
waste constitutents is obtained by concentrating the constituents
on GAC which will then have to be regenerated or disposed of.

6.2.10 summarxy of Comparative Analysis

Table 6-3 presents a summary of the ranking of alternatives
presented in this section. In terms of compliance with ARARs, all
alternatives except No Action satisty both the regulatory and the
risk-based objectives. The Natural Attenuation with Institutional
Controls and Monitoring alternative is fully protective of human
health and the envircnment. The other alternatives, ¢ and D, make
a slight reduction of toxicity of the affected ground water, but
the reduction is very small, and the decrease in surface water
concentrations would not be detectible, as previously stated.
Furthermore, these alternatives have the disadvantage of
concentrating waste constituents on GAC, which must be< disposed of
or regenerated.

Fcr the cost criterion, the ranking varied among the alternatives
with cost generally increasing from Alternatives A through D
(ranging from $194,000 for Natural Attenuation with Institutional
Controls and Monitoring to $3,275,000 for recovery wells on a
present value basis). The more costly alternatives (Alternati-es
C and D), are generally are more difficult to iamplement and they
may pose more short-term risks to on-site workers. Further,
Alternatives C and D will not appreciably decrease the time
necegsary to achieve remedial objectives.

6~-17 Laso
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£L565 Table &-3
summary Ranking of Alternatives

Compli- Toxicity short- Long-term Overall
ance Mooty Term Effec- Protection of
wWith or Yoilume Eftec- tiveness. impiement - Human Health.

Alternative ARAR S Reduction tiveness Permanence ability cost Environment
A -~ No Action - ® - - + + -
B - Natural Attenuatian ® ® © ® + + ™

with Monitoring

- partial Slurcy
wall w/ Cround L] + - + - ™ e .
water Treatment )

g

¥

Recovery Wells
w/Cround water ® + - . ° - ™
Treatment

g1-9

NOTES:

“+“ Ajternatlive exceeds a criterlon in comparison to other alternatives.

“2" Alternative meets the selection criterion,

“="  Alterpative wif{l not meet a criterion. of wit! not meet a criterion
as well as other alternatives.

C A din g
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6.3 Cost
6.3.1 Total Cost

A cost was systematically estimated for each alternative from a
foundation of common unit costs. Estimated costs were developed
sequentially as follows:

1. Unit Costs -« unit costs for remediation activities commoen in
the region.

2. Options Costs - costs for treatment and containment options
to be incorporated into assembled alternatives. Based on
concept designs in Section 6.1.

3. Alternatives Costs - estimated total cost for each alterna-
tive. Based on concept designs in Section 6.1. Contains unit
costs, derived unit costs and options costs. Includes
contingencies, operating and post-closure monitoring costs.

Tables 6-4 through 6-6 summarize the estimated total cost for
alternatives B, ¢, and D.

Appendix C contains back-up information and calculations used in
the development of the estimated total cost for each alternative.
This appendix includes a summary table of derived unit costs and
assumed unit costs based on experience. Special concerns about
present worth analysis of costs are discussed in the following
paragraphs.

For this Feasibility Study the following present worth assumptions
were used:

0 term = 25 years
o interest rate = 0
o inflation = after-tax interest rate

The 25 year term has been eastimated as the travel time for ground
water at tha southern most edge of the site to reach the recovery
system. Historically in this country inflation is approximately
equal to interest paid on certificates of deposit after corporate
taxes are daducted. A PRP group which funds the remediation and
long~-term maintenance of a Superfund site typically creates a sink-
ing fund oxr trust fund at the beginning or end of site remediation.
This sinking fund is typically invested in insured securities, and
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{919 Table 6-4
Estimated Total Cost
Alternative 8 - Natural Attenuation
with lnstitutional Contrais and Monltoring

The estimated total cost is the sum of capital cost, the cost of 30 vears of annuat
maintenance and seven monitoring events {1, 3, 6. 10. 15. 20 and 30 years after
closure]. Al costs are 1989 costs. “Total® costs assume present value with
interest rate cancelling the effect of Inflation. “Present value™ costs assume
the interest rate = 5% and Infiation = 0%.

unit
Quantity Units Cost cost Notes
Captia! Cost - - - 0 Assume wells instailted
during Source Remedliation.

10 Year Monitoring 7 Events $3131.000 $231.000 Tahlie C-1

Inspection/well Malntenance 30 Events 1,000 310,000 Allowance

Subtotal $261.000

cont | ngency X 1.25
o  Totai 30 Year Operating Costs $326,000 (Rounded) a
n
o

Present Value - 30 Year Operating Costs 194.000

Totat Estimated Alternative Cost 326.000

Present value Estimated Alternative Cost 194,000
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1926 Table 6-5
Estimated Total Cost

Alternative C - Partial Siurry wall w/ Cround water Treatment

The estimated total cost is the sum of capitai costs. the cost of 25 vears of annual
. malntenance and seven monitoring events (1, 3. 6, 10, 15, 20 and 25 vears after
< closure]. ALl costs are 1989 costs. °“Total®™ costs assumne present value
S with interest rate cancelling the effect of iaftation. “Present value™ cOsts assume
the (nterest rate = 5% and inflation ~ 0%.

uUnit

_ Quantity units Cost Cost NOotes
b Capital Cost
{Rounded to 1000°s)
MopilizationfDemObl tlzation 1 L.5. $40.000 $ 40.000 AllOowance
Slurcy Wall Construction 97.500 sq.Ft. 2.59 244,000 unit Cost quoted by
(1500° length X 65 Depth) Chris McGee Oof Geocon
well (nstatfation kY Each 4,000 12,000 Tabte C-2
Treatment Wnit 1 L.S. 158,000 158.000 Table C-3
welil Punps Installation 1 L.S. 39.000 39.000 Table C-4
» Subtotal 493,000
n
- Contractor Overhead, Profit, Bond, X 1.15
' Engliaeering & Construction Survel llance X 1.20
e Contingency X 1.25
Estimated Cap!tal Cost 850,000 (Rounded) ~
) 25 Year Operating Cost
Ground Water Monitoring (25 yrs) 157,000
Treatment Unit Operation 25 Years $91.000 2.275.400 Tabte C-§
Weil Pumps Malntenance 25 Years 1950 49,000 5% ct'$aplta! Cost
Apnually
well Pumps Operation 2.450,000 Kwh 0.08 156,000 Cost of running 15 hp air
- comptessor continuously for 25 years
' Subtotat 2,677,000
Coatingency X 1.25
Totat Operating Costs 31,246,000 {Rounded)
_ Present vVaiue Operatln? Costs 1.578.000
fatal Estimated Alternative Costs 4.196,000
Present valuc Estimated Alternative Cost 2.428.000
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1521 Table 6-6
Estimated Total Cost
Alternative D - Recovery Wells with Cround water Treatment

The estimated total cost §s the sum of caplital cost, the cost of 25 years of annual
maintenance and seven monitoring events [1, 3, 6. 10. 15, 20 and 25 vyears after
closure]. All costs are 1989 costs. “Total® costs assume present value

with the interest rate cancelling the effect of Infiation. “Present value” costs
assume the Interest rate = 5% and Inflation = 0%,

unit
Quaniity uUni ts cost Cost NOtes
Capital Cost
{Rounded to 1000°s)
moblilzatlion/Demobiiization 1 L.S. $40.000 3 48.0600 Allowance
fnstali Welis 75 £ach 4,000 300,000 Table C-2
well Pumps Instalied 1 L.S. 137,000 137.600 Fabte C-6
Treatment Unit 1 L.S. 158.000 158.000 Table €-3
g Subtotal $ ©35.000
E » contractor Overhead. Profit, Bonds X 1.15
E Engineering and Construction X 1.20
R Survel ltance Contingency X ¥.25
.H Estimated Capital Cost $1.095.000 [Rounded)
Operating Cost
Cround Water Monitoring $ 157,000
Treatment Unit Operation 25 Years $91.000 2,275,000 Tablie C-S
well Pumps Malntenance 25 Years 6.850 171,000 5: of ??pitat €ost
noaualiy
. well Pumps Operation 9,800,000 Kwh 0.08 704,000 Cost at power tor &0 hp
alr compressor running
2 continuausty for 25 vyears
subtotal 3.387.600
R Contingency X 1.28
v Total Operating Costs 4,234,000 (Rounded)
C. I Present vatue Operating Costs 1.978.000
Total Estimated Alternative Cost 5.329.000
Present Value Estimated Aiternatlive Cost 3,073,000
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is calculated to be sufficient to pay for the annual 0&M costs for
a designated period of time. Since a PRP group can not have non-
protit status under the current tax law, it must pay taxes on the
interest earned.

S8ince inflation is a very real economic phenomenocn, a PRP group
nust set aside funds to provide for futurae increases in annual O&M
costs. Historicallf, interest on invested securities is typically
greater than intlation by one-third to one~half. Current corporate
tax rates are 34% with a current surcharge of 5%. These taxes ara
either paid by each member company or by the PRP group directly.
After taxes are deducted from interest earned, the net interast
earned on the invested funds approximately offsets the increased
annual costs due to inflation. On this basis, i = 0 in the present
worth foramula. Following these assumptions, the 25-year present
worth of an O & M cost of $1/year is $25.

Alternately, if one were to use the Federal government's gquidelines
for calculating present value for 25 years using %% interest and
0% inflation, the present worth of a $1/year expenditure for 25
years is $14.09. As this illustrates, neglecting inflation will
cause annual O & M costs to be understated, possibly resulting in
the selection of a remedial plan that has lower capital or first
year costs and higher annual or recccurring 0 & M costs.

For clarity, the cost caiculations and summaries are presented both
ways.

6.3.2 gengitivity Analvsis
Capital Cost Sepsitivity Analysis

The cost estimates presanted in the FS are to represent +50%/-33%
accuracy, so these are the sensitivity limits chosen. Table 6-7
shows that the relative cost rankings are not altered by the
changes in capital costas. There is very little sensitivity in
total cost to changes in capital cost.

0 & M cost Sensitivity Analvsis

The costs were varied within the same +50%/-33% estimate accuracy
range as the capital costs. Again, the relative cost rankings are
not changed by changing the 0 & M costs. Table 6-8 reflects more
total cost sensitivity to O&M cost variability than to capital cost
since O&M represents a  larger fraction of the overall cost.
However, the differences in cost between alternatives are not
signiticant,
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1922 Table 6-7
Capital Cost Sensitivity Analysis

Aft. C - Alt. D ~
AlL., B - Partial Siurrcy Recovery wells
Table &6-2 Natural wall w/Ground w/Ground water
Cost Change Attenuation water Treatment Treatment
a (SM) (M) M)
Totel [b] 326 4,196 5.129
50% 326 4.621 5.876
28% 326 4.434 5.635
0% 326 4,196 5.329
~-20% 326 4.026 5.110
-33% 326 3.916 4.967

ve-9

[a] The Tabie &-2 Total Ailternative Cost with the indicated percent change
change in capitai costs.

{b] after tax ! = inflatton.




Geg-9

t923 Table 6-8
O & M Cost Sensitivity Analysis

Att. C - Alt. D -
Alt. 8 - Partlal Slurry RecOvery Wells
Table 6-2 Natural watl w/Ground w/Cround watier
Cost Change Attenuation water Treatment Treatment
fal] ($i) {5M} ($m)
Total [b] 126 4,196 5.329
50% 489 5,870 7.446
28% 418 5,133 6.514
0% 126 4,196 5.329
-20% 261 3.527 4.482
~33% 218 3.092 3.932

fa] The Table 6-2 Total Alterpative Cost with indicated percent change
In Operating & malintenance Costs

ib] After tax | = Inflation
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Digcount Rate Sengitivity Analyvsis

The discount rate utilized for the present worth calculations was
varied in a range from 3% to 10%. Table 6-9 reflects the fact that
the total cost is not sensitive to this range of discount rates.

Yolume of Water Treated Seusitivity Angivyls

The sensitivity of cost to changes in the volume of treated water
is presented in Table 6-10. Costs are presented for variations in
both the flow rate and the time that the treatment unit would be
operated. The capital cost of the treatment unit is scaled from
the original or base casa cost estimated (Table C-3) by using the
"gix-tenths*-factor rule, i.e.

Cost A _ (s.anasisy_a) oe
Cost B Capacity B

(Reference: Peters and Timmerhaus, Plant Design and Economics for
Chemical Engineers, p.107.) The O&M costs were split into
categories of fixed and variable costs and recalculated for each
case. The detailed calculation of these costs is presented in
Appendix C. As Table 6-10 shows, the cost of alternative B does
not change while the cost for Alternative C and D vary
significantly with volume. However, the magnitude of change is
comparable for both C and D, therefore variations in the volume of
water treated would not change the relative rankings on the basis
of cost.
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924 Table 6-9
Present Worth Discount Rate Sepsitivity Analysis

Alt. C - Att, D -
Aft. B - Partial Slurry Recovery welis
Discount Natural wall w/Cround w/Cround Water
Rate {al Attenuation water Treatment Treatment
% ($M) ($M) {$M)
Total! [b] 194 2,428 3.073
3% 232 2.782 3,502
4% 212 2.582 3.270
5% 194 2.428 3.073
6% 179 2,296 2.904
7% 166 2.182 2.758
8% 155 2.083 2.631
9% 145 1.997 2,521
10% 137 1.922 2,425

[al The indicated discount rate |s used to calcufate Present Value
Estimated Alternative Cost for each alternative from Table 6-2.

Present valtue assuming | = 5% as given in Tabte 6-2.
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- e -

10 gpm for
25 vears

10 gopm for
75 years

20 gpm for
25 years

20 gpm for
75 vears

Total
voiume of
wWater Treated

(MM Catlons)

_____________

158

473

315

946

Tabte 6-10

]

vVolume of Water Treated

Sensitivity Analysis

Alternative B Afternative C
Natural Partial Shturry Wail
Attenuation w/ Cround Wwater
Treatment
{3Mm) £3M)
3126 $3.374
3126 &.606
326 4,197
126 19,892

0146385

Afterpative D
Recovery Wells
w/ Ciound water
freatment

($M)

---------------

$4.139

19.411

5.330

13.79%
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JREDBS ENGINEERING GROUP INC.

ENVIRONMENTAL SYSTEMS DIVISION

12600 WEST COLFAX AVENUE SUITE AJOO0. LAKEWOOD, COLORADO 80215
TELEPHONE (303) 232-7093

Ms. Ruth Izraeli, 6HET

U.S. EPA, Region VI

1445 Ross Aveue at Fountain Place
Dallas, Texas 75202-2733

Subject: Sheridan Disposal Service
Groundwater Migration Management FS
Supplemental Analyses of
Extraction Well Field and
Slurry Wall Efficiency

Dear Ruth:

As requested, we have performed supplemental analyses, using
the RESSQ model, of the efficiency of proposed well-field
and slurry wall alignments in contrslling the capture and
rate of recovery of groundwater contaminants from the
shallow aquifer beneath the Sheridan disposal impoundement.

Attachment 1 describes the model, the assumptions used, and
the results of this brief modeling effort. 1In general, the
con-lusions show that a line of sufficiently closely-spaced
groundwater wells on the downgradient side of the
impoundment could be effective in capturing contaminants
migrating with the local groundwater flow. The use of
production wells would also accelerate slightly the rate of
groundwater migration beneath the impoundment. However, for
the well-field alignment considered, the changes in
groundwater flow rates induced by production wells wouid be
comparable to natural variations in flow rates ohserved in
recent years at the site. To this extent, then, it can be
concluded that the use of groundwater production wells would
not substantially accelerate the rate of rec: ery of
contaminated groundwater.

An attempt was also made to consider the effects of a
partial slurry wall with extraction wells. Since the RESSQ
medel is analytical rather than numerical, it can not
directly incorporate an imbedded zero-permeability zone.
However, the slurry wall was treated as a no-flow boundary
using the method of images to assess the relative
effectivenass of the slurry wall with extraction wells
versus the line of extraction wells (Attachment 1). The
results suggest that the two options would be comparable in
their effects.

A-2
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Ruth Izraeli
July 5, 1989

For your information, I have included an extract from the
publication by Javandel et al. (Groundwater Transport:
Handbook of Mathematical Models, American Geophysical Union
Water Resources Monograph 10, 1984) which describes data
input to the RESSQ model, as well as copies on diskette of
the RESSQ software distributed by the International Ground
Water Modeling Center.

With regard to sorption ccefficients of benzene and TCE, a
common approach is to utilize published relationships
between the organic carbon content of aquifer materials and
the organic carbon or octanol-water partition coefficients
for the contaminants, as discussed in Attachment 2. For
site data, estimated retardation coefficients for benzene
may be in the range of 1 to 26, and for TCE in the range of
1 to 37.

I trust that this information will be of use to you in

finalizing the Sheridan Ground Water Migration Management
FS. If you have any questions, please call me.

Yours truly,
JACOBS ENGINEERING GROUP INC.

Donald W. Beaver, Ph.D.
Senior Geohydrologist

Attachments

cc: Al Medine
Linda Chapman

A-3
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Attachment 1
RESSQ Model Formulation and Results

Introduction

The RESSQ model is a semi-analytical model of two-
dimensional contaminant transport by advection and
adsorption in a homogeneous, isotropic aquifer of uniform
thickness. It is based on the assumption that uniform
regional flow, sources, and sinks Create a steady-state (or
nearly so) flow field in the aquifer. RESSQ calculates
streamline patterns, locations of contaminant fronts at
various times, and variations of contaminant concentrations
with time at sinks. Only some of the capabilities of RESSQ
have been employed in the present effort. Specifically, the
model has only been used to calculate streamlines and
contaminant capture times. Concentration distributions have

not been considered, nor have the effects of sorption been
considered.

The version of RESSQ used here was obtained from the
International Ground Water Modeling Center (IGWMC) of the
Holcomb Research Institute at Butler University. The
softwarae distributed by IGWMC is based on the model
described by Javandel, Diughty, and Tsang (Groundwater
Transport: Handbook of Mathematical Models, American
Geophysical Union Water Resources Monograph 10, 1984). fThe
software package distributed by IGWMC includes RESSQPLT, a
post-processor which enables efficient screen graphics and
plotting of model output.

Model Input

In addition to various control parameters, input to RESSQ
includes the follewing:

Numbers of injection and production wells
Ambient contaminant concentration in aquifer
Contaminant concentration at injection wells
Aquifer thickness and porosity

Rate and direction of regional average pore
velocity

Retardation coefficient

Locations and rates of injection and extraction
wells

Q0000

oC
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Input can be in the cgs system of units, or in a “practical"
system of metric units, in which distance is given in
meters, regional flow velocity in meters per year, and well
flow rates in cubic meters per hour. For further discussion
of model input, see Javandel et al. (op._cit.}.

Line o niection Wells

Input Data. Input data for the RESSQ simulations were
derived from various sections of the Ground Water Migration
Management FS. Subsequent references to page, table, figure
and appendix numbers are to that document. Input data
included geometry of the assumed contaminant source area,
average regional pore velocity, length of the line of
production wells, and total production from the wells. The
following data were used:

o Aguifer thickness (b) = 7.3 m (Table 3-3)
o Porosity (n) = 0.3 (page 2-9)
0 Plume width (W) = 284.7 m or 934 ft (Table 3-3)
o Plume area (A) = 1,674,444 £t (Page 2-9)
o Hydraulic conductivity (K) = 6.83 m/dy (Table 3-3)
v} Gradient (i) = 0.0023 (Table 3-3)
The average recional pore velocity (v} was calculated as
v = Ki/n = 19 n/yr

The line of downgradient wells was distributed along a
distance of 290 meters, slightly greater than tI reported
plume width of 284.7 meters. The production rate per well
was estimated based on the downgradient line of $0 wells
(Figure 6-3, neglecting the line of 25 wells to the
northwest of the impoundment), each producing at a rate of
0.24 gpm (Appendix B), for a total production of 12 gpm.
Since the RESSQ software permits a maximum of only thirty
production wells to be simulzted without editing and
recompiling, it was assumed that 30 production wells were
distributed along the downgradiegt edge of the impoundment,
each producing 0.4 gpm (0.0909 m~“/hr) and spaced 10 m apart.
This approach preserves the total production and total
length of the line of extraction wells, although the wells
are spaced slightly farther apart and assumed to produce at
a slightly higher rate than as indicated in Appendix B.
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The average plume length was caiculated as

It

I = A/W = 1,674,444 ft2/934 ft

1793 ft = 546 m

cunsequently, a line of zero-vate "injection wells" was
placed 550 m upgradient from tae line of extraction wells.
Three of these points were placed near the centerline of the
contaminant plume, and two were placed near the lateral
margins of the plume. These zero~-rate injection wells
pernit the tracing of streamlines from them to the
production wells.

For baseline comparison purposes, the ti~e of travel for a
distance of 550 m at a rate of 19 w/yr .s 28.95 years, which
was generally vrounded to 30 years in the FS as the
approximate time for one pore volume of contaminants to pass
from beneath the impoundment.

Model Output. Listings of the input, output, and graphical
streamline output for the case of regional flow only and the
line of production wells are given in Attachments 1A and 1B,
respectively. For the line of production wells, the time
required for capture of individual streamlines ranges from
21.5 to 22.4 years, about seven years faster than the time

I of travel under natural flow conditions only. (Note that to

014701

transport three pore volumes, as may be required for
complete contaminant removal, the line of wells would
require about 66 years, versus about 87 years under natural
flow alone.) It should also be noted that the model
limitation to 30 wells rather than 50, each producing at 0.4
gpm rather than 0.24 gpm, will accelerate the flow along
each streamline at the end of the flow path, near each
extraction well. Thus the calculated travel time of about
22 yearg is less than would be observed if more, lower-
production rate extraction wells were simulated.
Consequently, the actual difference in travel times between
natural conditions and under the influence of a line of
prcduction wells would be less than seven years.

Note further that the model indicates that at least one
stream)l fne would not be captured by the simulated line of
extractjion wells. This supports the conclusion of Appendix
B that more closely-spaced wells producing at lower rates
would be required to effect complete recovery of
contaminated groundwater from beneath the impoundment.




Partial Slurry Wall With Extraction Wells

The partial slurry wall consists of a no-flow boundary of
ginite length, oriented normal to the direction of regional
flow. Such a boundary can be readily simulated by means of
a numerical finite-difference or finite-elemeit model, but
not by an analytical model such as RESSQ. RESSQ can
incorporate no-flow boundaries by mesans of image wells in
the absence of uniform regional flow, and this approach has
been applied here to obtain an indication of the possible
effectiveness of a slurry wall with extraction wells. fThis
indication is obtained by comparing the results of the line
of extraction wells (in the absence of regional flow} with
the results of three extraction wells and image wells
located across the slurry wall alignment (in the absence of
regional flow).

Input Data. Input data for the line of extraction wells are
the same as previously discussed, except that the regional
pore velocity is reduced to zero.

For the slurry wall with three extraction wells, the slurry
wall is not directly simulated. Rather, three extraction
wells are assumed te be located at the ends and in the
center of the slurry wall alignment (which is taken equal to
the alignment of the line of extraction wells considered
previously). Total production from the three extraction
wells is taken equal to the natural groundwater flow rate.
Each of the extraction wells has an image well, producing at
an equivalent rate, located across the assumed slurry wall
alignment. Thus the slurry wall will be represented as a
no-flow boundary by standard image-weli theory.

The groundwater flow rate Q is given by

Q = KiAa,
where A is the aquifer area normal to the groundwater flow
direction. For this simulation, A is given by the product
of the aguifer thickness b and the w%dth L of the

contaminant plume. Thus Q is 1.39 m”/hr, or 0.463 m3/hr for
each of the three wells (and each of the three image wells).

A-7
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Model Output. Listings of the input, output, and graphical
streamline output for the case of the line of extracticn
welles and the partial slurry wall with extraction wells are
given in Attacl ments 1C and 1D, respectively. For the line
of extraction wells (with no regional groundwater flow), the
travel time from the upgradient edge of the contaminant
plume ranges from 97.7 to 102.0 years, with an average of
100.0 years for the five streamlines considered. For the
partial slurry wall with extraction wells, the travel times
for the five streamlines range from 101.9 to 107.2 vears,
with an average of 104.1 years. These results suggest that
the line of extraction wells and partial slurry wall with
extraction wells would have similar effectiveness in
controlling contaminant migration, with the line of
extraction wells bheing slightly more effective.
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SHERIDAN - UNIFORM FLOW

RACTICAL 3YSTEM OF UNITS 15 USED

IONAL FLOW, PORE VELOCITY

it

19,00 M/YR

-JD;ENTATION OF REGIONAL FLOW 0.00 DEGREES

THICKNESS OF THE AQUIFER = 7.30 METERS
plwszw - 20.00 PERCENT
PERIOD STUDIED - 50.00 YEARS

Il]TIr‘.i._ AQUIFER CONCENTRATION 0.090E-Q1 PERCENT

i

0. 000E-01 FERCENT

L

ElIA'Jl_T INJIFCTIUON CONCENTRATTION

STREAMLING TEP LENGTH = 3.25 METERS

t

g';oeprmm CAPACITY OF ROCK ). 00 PERCENT
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l FRONTS AFE FLOTTED AT 20.000 YEARS
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WELL NAME

INWELLOY
INWELLO2
INWELLO3
INWELLODS
INWELLDS

l

X
METERS

0.00
Q.00
0.00
0.00
a.o00

Y
METERS

135.00
15.00
0.00
~15.00
-135.00

5 INJECTION WELLS

FLOW-RATE CONCENTRATION RADIUS INDICATOR

M3/H

0.00
0.00
0.00
Q.00
0.00

PERCENY

0.00E-01
0.00E-01
Q.00&-01
0.00e-01
0.00E-~-01

METERS

7.50E-02
7.5%0E-02
7.50E-02
7.50E~-D2
7.50E-02

-1
-1
-1
-1
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:1rEAHLINES DEFPARTING FROM INJECTION WELL INWELLO1L

NUMBER OF WELL TIME oOF ANGLE BETA
EAMLINE REACHED ARRIvVAL iN DEGREES

1 +4+0oMne+++ 50.1 YEARS .0
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-?'EAHLINES DEPARTING FROM INIECTION WELL

ML

||
i
i
i
i
1
1
i
i
i
i
i
i
i
i
i
i
1

MBE OF
EAML INE

WELL
REACHED

+ HHO0Ne ¥+ +

TIME OF
ARRIVAL

50.1 YEARS

INWELLOZ

ANGLE BETA
iN DEGREES

0.0
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-IEHHLINCS PEPARTING FROM INJECTIOGN WELL INUWELLD3

NUMBER OF WELL TIME OF ANGLE BETA
BIEAMLINE REACHED ARRIVAL IN DEGREES
1 THEMONE+ ¢+ 5.1 YEARS 0.0
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PETIYe e e e s W R L LING U MG oouvE o WhE s
l 5 30 ©. O.
7 0.3 19.0 0.0 0.
INWELLO1 . 135. . 000 o. 1 1-1
lNUELLO? 0. 15. . 000 0. 1 1-1
NWELLO3 a. c. . Qoo a. 1 1-1
INWELLOG Q. -15. . 000 0. 1 1-1
tNuELLos o. -135. . 000 0. 1 1-1
TWELLO1 SSO. 5. . 0909
TUELLO2 SS50. -5, . 0909
JTUELLO3 S550. 15. . 0909
OUTWELLO4 550. -15. . 0909
TWELLDOS 550. 25. . 0909
IjTLJELLOé 550. -25. . 0909
OUTWELLO? S$S0. 15. . 0909
ITWELLOS S50. ~35. . 0909
lnuet.t.ae 550. 45, . 0909
OUTWELLI1O S550. —4 5. .090%
'jTtJF.LLll 550. 55, . ego 0N
TWELL12 550 5. . 0909 ~
OUTWELL13 S50, 65 . 0909 ~
TWELL14 S50. -&5 L0909 <
PUTWELLLIS €5G. 75 .0ang -
UTWELL1G S50. -7 L0909 O
TWELLLY? =50, as. . 050"
UTWELLIS S50 85 . 0909
JTREL.L1e? S50. 95 L0
'ITLJELL‘.?O ©50. -G8, . 0909
OUTWELLZ21 $50. 105 .0209
g@ITUELL2Z S50. -105. L0969
I_ITuELL-:-s 5501, 115, . 0909
OUTWELL24 SS0. -115. . 0909
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ltTl-.lEl_Lﬁé 550, -12%, . 0909
DUTWELL27 550. 135. .0909
lijLL?.a s50. -135. . 0909
TWELLZ® S50. 14%. s Tetc)
OUTWELL3N S50, -145, .0909
1 20.
-1
50. &600. - 160. L&,
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INWELLO1
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NUWELLO3
INWELLO4
lNuELLus

iLL NAMC

TUWELL O
'J;mm.w-z
OUTWELL DT
TWEL L.O4
leue:t ald
NUTWELLOG
ITWELLG?
ITWELL 08
WTHELL O
TWE_L10
ATLIELL L]
Ty 2
JTWELL1 3
JTLELL 14
ITWOLE 1%
FTELL 1A
OUTLVELLLY
W I TWELL1S
Il TLELL 12
OUTWELL 20O
ITWOLL21
Iu TWELL 22
OUTUELL23
l\jmﬁt_x.za
TWELL2S
OUTWELL 26
JTWELLL2Y
UTWELL 28

UTWELL29
UTWELL 30

ZIII“ i 2

D

III!E S

X
METERS

0.00
3.00
0.00
0.00
0.00

X
MF TERS

550, 00
550,00
550, 00
< SC, 0O
TR0, 00
S50y, 00
.00
.on

[T I 1 IS I |
th o N
g 00O
o2
o <

f"!
AR
o0 0

o G

-2

[S
i
s O
o
O

S50, 00
350,010
550,00
550,00
550.00
550.00
550. 00
“%0.00
550.00
550.00
550.00

5 INJECTION WELLS

Y
METERS

125.00
15,00
0. 060
-15.C0
135.060

30 PRODUCTION WELLS

Y
METERS

-725.00
&5.00
-8%.00
Q%10
-5, 0n
105,00
~10%. 00
115, GO
-11%, 00
125.00
-125.00
13%.0
-135.00
145,00
-145.00

FLOW-RATE COMNCENTRATION RADIUS INDICATOR

M3I/H

FLOW~-RATE

0.00
Q. au
0.00
Q.00
0. 00

M3/H

A-22

I N
0.0v
7.09
.09
.09
)
02
.09
.09
.09
.09
.09
-09
.09
.02
.09
.09
.09
a9
.09
.09
.09
.09
.09
09
ao
.09
.09
.09
.09

o

.

o000

[

o

- DL o oo ood

.

a0 oOo00ag 0000

FPERCENT

. 00E-01
€1, aunE-01
0.00E-01
0.00E-01
G.00E-01

RADIUS
METERS

~N

S0€-02
. 50E~02
SOE-D2
. 50E~-02
- &0QE--G7
S0E-0O2
. HOE ~-02
L S0E-02
SOE-02
. SQE~-02
SOE--00
. S0E-02
S0E-02
. S0OE-02
. 50E--Q2
L OOE~-02
. S0E-O2
SOE-02
L S0E-D2
LS0E-02
. LoE-02
. BOE-02
50C~-02
S0OE-02
S0 -02
. 50E-02
L BOE-D2
. SRE-02
. S0E--02
. 50E~02

NN

T B Y R R Iy I VR BN B

oSN N s

ok N NN

N NN

METERS

7.S50E~02
7.50E-02
7.50E-02
7.50E~-02
7.50E-02

INGICATOR

o oo

=

DOoO0DOLOO0OO0QOCOOoOO0OD0DODOUOD0DO0D0O0DODOCO0OO0O

014717




iEAHLINES DEPARTING FROM INJECTION WELL INWELLDL

NUMBER OF WEL L TIME OF ANGLE BETA
I?EAMLINE REACHED ARRIVAL IN DEGREES

=
S

1 OUTWELL 1S 22.4 YEARS 0.0
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EAMUINES OEPARTING FROM INJECTICON WELL INWELLO S

-

NUMBER OF WELL TIME OF ANGLE BETA
EAML INE REACHED ARRIVAL IN DEGREES

1 QUTWELLOL 21.5 YEARS 0.0
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STRE
lJﬂBER oF WELL TIME OF ANGLE BETA
SIREAML INE REACHED ARRIVAL IN DEGRELS

1 DUTWELLOZ 21.5% YEARS 0.0
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G'G’EAMLINE‘E DEPARTING FROM INJEZYION WELL INWELLOG

NUMBER OF WELL TIME OF ANGLE BETA
SrEAHL INE REACHED ARRIVAL IN DEGREES
1 CUTWELL1EG 22.4 YEARS 0.0
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NOLUTION OF CONCENTATION FOR PRODUCTION WELL DUTWELLOY
TIME IN CONCENTRATION
l YEARS IN PERCENTY
21.474 0.000E-01
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iOLUTION OF CONCENTRATION FOR PRODUCTION WELL GUTWELLD?
TIME 1IN CONCENTRATION
. YEARS IN PERCENT
21.474 0. 000K -D1
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EVJLLT TN T LU EN T RATLIUN FOR PRODUCTIODN WELL OUTWELL 1S

TIME IN CONCENTRATION
YEARS IN PERCENT

- 0.000E-~01
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TIME IN CONCENTRATION
YEARS IN PERCENT
22.415 0. 000E-01

014726
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SHERIDAN ~ ZERO UNIFORM FLOW WITH LINE OF RECOVERY WELLS

FACTICAL SYSTEM OF UNITS IS USED

REGIONAL FLOW, PORE VELOCITY

]
o
Q
O

M/YR

JNMENTATION OF REGIONAL FLOW

1
)
o
O

OEGREES

OSITY 30.00 PERCENT

I

T'CFNE“&S OF THE AQUIFER = 7.30 METERS

=

FIOD STUDJED

500.00 YEARS

-
Il'TIAL AQUTFER ¢ONCENTRATION = 0.000f-01 PERCENT A

i\-.
I[AULT INJECTION CONCENTPATION = O.0005-01 PERCENT <t

-
STREAML INE STEF LENGTH - 3.25 METERS o
AI\IJPPTION CAFLECITY OF ROCH = 00,00 FERCENT

FRONTS ARL FLOTTIEO AT 20.000 YEFARS
A-35




WELL NAME

1
INWELLO1
.Nwt-:l.t.oz
NUELLO3
TNWELL. 04

INNELLOS

"'I_ L NamME

FTWUELLO
IMTWELLAZ
OLITWEFLLOZ
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NATWELL20
e 2
ll ITUFLLLLZ2Z
OUTHELL 23
l-umtzu.za
UTWELL25
NUTWELL26
UTWELLZ2?
WATWELL 28

WELLZY
WITWELL 2

- .

X
METERS

Q.00
0.00
0,00
0.00
.00

¥
METERY

S50. 00
S%0. 0N
250.00
S50, 00
L5G.00
He0 .00
o0, 00
550,00
550. 00
5%0.0N
S50, 00
50,00
S50, 00
.10

A M
()

=
pim)
&

LI

*
(1] i

3 i

o

L
[6, B )
o0
c o0
28 O

%0.00
550.04
550. 10
5%0.00
5%0.00
594,00
550, 00
550,00

L

S INJECTION WELLS

Y
METERS

135.00
15.00
.00
~-15.00
-13%., 00

30 PRODUCTICON WELLS

Y
METERS

1
L. ENL Bt
[ I S wr)
o0 0

"
-

I 3

TSR G B S RS g

~101%. 00
115, 00
-115%.00
125,00
-125.00
135.00
-135.00
145.0Q0
-145,00

FLOW-RATE CONCENTRATION RADIUS TNDICATOR

f13/H

3,00
0.00
Q.00
0.00
0.00

FLLOW=-RATE
M3/H

0. 09
0.99
Q.07
a.09
0.a=
G.0v
o.0%
0.0%
0.0%
g.ow
0.0
0.07
0.6
.09
0.409
0.09
0.09%
0.09
0.09
0.0%
N.o9
Q.1
0.09
.09
0.0%
0.09
0.09
0. 09
0.09
.09
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TEAHL INES DEPARTIN. FROM INJECTION WELL ITNWELLO]

|
|

NUMBEKR OF WELL TIME OF ANGLE BETA
SIREAHL INE REACHED ARRIVAL IN DEGREES
1 QUTWELILOS 102.0 YEARS .0
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JKEANLINES JEFAKTING FROM INJECTION WELL INuELt_(Jz

MBER OF WELL TIME OF ANGLE BETA
SiEAi“ILINE REACHED ARRIVAL IN DEGREES

1 DUTWELLO! 97,7 YEARS 0.0
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EAMLINES DEPARTING FROM INJECTION WELL INWELLOS

N

| i
U

MEBER OF WE L L TIME OF ANGLE BETA
EAML ITNE REACHED ARRIVAL IN DEGREES

>

1 DUTUWELLGE 100.6 YEARS a.0
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EAmMLINES DEPARTING FROM INJECTYIAN WELL INWELLOG

NUMBER OF WELL TIME OF ANGLE BETA
€ AFML INE REACHED ARRIVAL IN DEGREES
i QUTWELLDZ 7.7 YEARPS 0.0
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-‘.IEAHLINES CEPARYING FROM INJECTINN WELL INWELLOS

NUMBER OF WELL TIME OF ANGLE BETA
SIEAML INE REACHED ARRIVAL IN DEGREES
1 FUTWELLOG 107.0 YEARS 0.0
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LUTION OF CONCENTPATION FOP PRODUCTION WELL CUTWELLDL

TIME IN CONCENTRATIUN
YEARS IN PERCENT

@7.727 0.G00E 0!
100. 559 3. 000E -01
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ILUTION OF CONCENTRATION FOR PRODUCTION WELL  DUTUELLOY

TIME IN CONCENTRATION
YEARS IN PERCENT
a7.727 Q.0D0E-O1}
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LUTION OF CONCENTRATION FOR PRODUCTION WELL OUTUELLAS

TIME IN CONCENTRATION
YEARS IN PERCENT
102,007 0. 000 -01
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T IO OF CONCENTRATION FOF PRODUCTION WELL OUTWI LDs

TIME 1N CONCENTRATION
YEARS IN PERCENT
102. 009 ¢.000E-01
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SHERIDAN -~ ZERO UNIFORM FLOW WITH PARTIAL SLURRY WALL AND EXTRACT

N LELLS

FRACTICAL SYSTEM OF UNITS IS USED

ol - om s

GICONAL FLOW, PORE VELOCITY = 0.00 M/¥YR
ORIENTATION OF REGIONAL FLOW = 0.00 DEGREES
ICKNESS Qf THE AQUIFER = 7.30 METERS

ROSITY 30.00 PERCENT

L

- .

FERTOD STUDLIED 500. 00 YEARS

4

™

t

1TIAL AQUIFER CONCENTRATION (1. DO0E-01 PERCENT

FALILT INJECTION CONCENTRATION U.000E-D1 PERCENT

M

014744

FEAMLINE CTEF LENGTH = 2.25 METERS

o N

ORPTION (APACETY OQF ROCH

»
2
w!

: 00.00 PERCENT

-
In]
-3
—
e

|
e
-_
—

Tl TEC AT 20,000 YEARS

A-49

S G BN AN N NN R aE e




WELL NAME

INWELLOL
INWELLOZ
INWELLCS
INWELLOG
INWELLDS

WELL NAME

OUTWELL2S
QUTWELLZG
AUTWELL 27
QuUTUCLLZE
QUTWELL 2
OUTLIELIL30O

METERS

g.00
0.00
Q.00
0.00
0.00

X
MCTERS

500, Q0
560,00
550. 00

5 INJECTION WELLS

Y
METERS

135.00
15.00
0.00
-153.00
-135.00

& PRODUCTION WELLS

Y
METERS

0.00
0.00
145,00
14%. Q0
-145%,00
~14%.00

FLOW-RATE CONCENTRATION RADIUS INDICATOR

FLLOW-RATE

A-50

M3/H

0.00
0.0
0.00
0.00
0.00

M3 /H

0.46
O.46
O.40
0.46
0.46
.46

PERCENT

0.300E-D1
0.00E~01
0.00E-01
0.00E-01
0.00E-01

RADIUS
METERS

7.50€E-02
7.508-02
7.50€E-02
7.50E-02
7.50E-02
7.50E-02

METERS

7.50E8~02
7.50E-02
7.50E-02
7.50E~02
7.50E-02

INDICATOR

0090000

-1
-1
-1
-1
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TREAML INES DEPARTING FROM INJECTION WELL INWELLO1L

NUMBER OF WELL TIME OF ANGLE BETA
TREAMLINE REACHED ARRIVAL IN DEGRLCES

NUTWELLZS 107.2 YEARS 0.0




lmgmuues DEFARYING FROM INJECTION WELL  INWELLO?Z

NUMBER OF WELL TIME OF ANGLE BETA
ITR’EANLINE REACHED ARRIVAL. IN DEGREES

1 DUTWELL 2S5 102.0 YEARS 0.0
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TREAML INES OEPARYING FROM INJECTION WELL INWELLO2

NUMBER OF WELL TIME ©OF ANGLE BETA
TREAMI. INE REACHED ARRIVAL IN DEGREES
' 1 OUTWELLZS 101.9 YEARS 3.0
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TREAMLINES DEPARTING FROM INJECTION WELL INWELLOG

NUMBER OF WELL TIME OF ANGLE BETA
TREAML INE REACHED ARRIVAL IN DEGREES

QUTWELLZ2S 102.0 YEARS 0.0
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'STREAMLIN€$ DEPARYTING FROM INJECTION WELL  INWELLOS
NUMBER OF WELL YIME OF ANGLE BETA

|5TREAP1LINE’. REACHED ARRIVAL IN DEGREES

' 1 OUTWELL2S 107.2 YEARS 0.0
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QLUTION OF CONCENTRATION FOR PRODUCTION WELL OUTWELLZS

TIME 1IN CONCENTRAT ION
YEARS IN PERCENT
102.6G20 .000CE -1
107,219 0.000E-01

014751
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Attachment 2
Sorption of Benzene and Trichloroethylene

The effective sorption of contaminants within an aquifer can
be represented in a number of ways. The simplest approach,
and one which is commonly used in mathematical modeling of
contaminant transport, is to develop a retardation
coefficient which expresses the rate of transport of a
specific contaminant as a proportion of the pore velocity of
groundwater flow. The retardation coefficient (reciprocal
of the relative velocity) is given by (Walton, Practical
Aspects of Ground Water Modeling, National Water Well
Association, 1985)

Rq = 1 +(rho K4/n),
where rho is the bulk mass density of aquifer skeleton,

is the distribution coetiicient for the contaminant in
question, and n is the porosity of the porous mediumn.

Ky

The distrubution coefficient for sorption of organic
chemicals onto the organic carbon of the porous medium can
be given by (Walton, op. cit.)

Kg = 0.63 £ . K, (nl/g),

where f£,. is the organic carbon content of the medium and
Koy is ghe octanol-water partition coefficent.

For benzene and trichloroethylene (TCE), values of K w are
readily available in the literature (Walton op. cit.?:

benzene: log K, = 2.13

TCE: log K,y = 2.29

For the Sheridan site, organic carbon content of the soils
has not been measured, although estimates of cation exchange
capacity (CEC) are available. For a well-humified soil, a
very general empirical relationship between organic carbon
content and CEC is available in the literature. However,
the shallow water-table aquifer at the Sheridan site
probably does not contain large amounts of humic wmaterial.
In general, organic carbon content of natural soils ranges
from a fraction of a percent to a few percent. For purposes

014753
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of the present estimates, let us assume that the organic
carbon content of the shallcw aquifer materials at the
Sheridan site may be in the range of 0.0005 to 0.05. The
corresponding ranges in values of Ky are then:

Benzene: 0.0425 to 4.25 ml/g

TCE: 0.0614 to 6.14 ml/g
For a porosity of 0.3 and a bulk density of 1.75 g/ml, the
corresponding ranges of retardation coefficients are:

Benzene: 1.25 to 25.8

TCE: 1.36 to 36.8

Thus, in general, we can expect these contaminants to travel
about one to 30 times more slowly than groundwater.
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Estimation of Drawdowns
Along a Hypothetical Line of Recovery Walls




APPENDIX B

ESTIMATION OF DRAWDOWNS
ALONG A HYPOTHETICAL LINE OF RECOVERY WELLS

GROUND WATER FEASIBILITY STUDY
SHERIDAN DISPOSAL SERVICES
HEMPSTEAD, TEXAS

INTRODUCTION

One remadiation option proposed for the Sheridan Disposal Seivices
site is a system of recovery wells at a 20-foot spacing, installed
between the main pond and the Brazos River. A series of analytical
calculations has been performed to demonstrate the effect of well
spacing on drawdowns along the line of wells.

An analytical solution, based on the Theis equation, was developed
to estimate drawdown near a line of adjacent recovery wells.

For ease of calculation, the solution assumes the aquifer thickness
does not vary with declining water levels, although the aquifer
observed at the Sheridan site is unconfined.

The transmissivity of the actual aquifer will decrease as its
saturated thickness decreases, and as a result a greater hydraulic
gradient and greater drawdowns (than in the assumed confined
aquifer) will be required to maintain a given discharge rate, or
a smaller discharge rate will be possible for a given drawdown.
As a result, this solution underestimates drawdowns for a given
well discharge rate, or conversely overestimates possible discharge
rates for a given limiting drawdown. The solution is presented in
the form of a spreadsheet. The basic equations and assunmptions
used are shown in Attachment 1, and results are given in
Attachments 2(A) and 2(B).

SELECTION OF PARAMETERS

For this calculation a transmissivity of 4,000 gpd/ft was used,
based on the pumping test data developed in the Source Control
Remedial Investigation (July 1987) for the unconfined aquifer. A
specific yield or storage coefficient of 0.001 was assumed. A
discharge rate (Q,,) of 0.24 gpm per recovery well was used, as
this is sufficient to capture the ground water flow between two
adjacent racovery wells. The ground water flow is estimated at 17
gpd/foot, measured perpendicular to the direction of ground water
flow.

L53s
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The line of wells is assumed to lie 100 feet away from the
riverbank. The river may or may not act as a recharge boundary,
depending on relative elevations of the river stage and the ground
water table as affected by pumping. If the river level is higher
than the ground water table, so that the river forms a recharge
boundary, the boundary can be simulated by a series of imaginary
recharge wells, each one opposite the corresponding recovery well,
(see Attachment 1). In each recharge well, a negative discharge
rate (Q ) equal and opposite in sign to Q. is used. If the
river igufawer than the ground water table, a value of Q closer
to zero is more appropriate. All the wells are assumed to have
been pumping for 30 years, thae approximate amount of time
calculated for a particle of water to travel northward from the
southern end of the main pond to the pumping wells.

RESULTS

Attachments 2(A) and 2(B) show solutions for the drawdowns in the
line of recovery wells at the site, with and without recharge fronm
the Brazos River. The well number (i) refers to the position of
the pair of wells (recovery and imaginary recharge well, if used)
next to point "0", at which the drawdown observation is made. The
dimensionless factor "u" is calculated based on the equation

014757

u = P * 5/ (44T # t)

and the variable W(u) is the well function of u. The drawdown
increment is the amount of drawdown due to each well in the line
of wells, and is equal to delta-s, where

delta-s = Q * W(u) / (4 *# PL » T).

In the next column, these increments have been summed to show the
drawdown at the end of a line of several wells, taking the
corresponding image wells into account if needed, but ignoring the
effectrs of the remaining wells. The drawdown at some observation
point within the 50 recovery wells can then be calculated by
considering separataely the two lines of wells to either side of the
okservation point, and adding the drawdowns calculated for the end
of the two lines. The sum is shown in the last column.

Attachment 2A shows the calculated drawdown assuming that the river
is not acting as a recharge boundary hence Qimge equals zero. The
table shows that near the center of the line of 50 pumping wells,
the drawdown at the edge of the borehole would be about 4.4 feet.
Taking into account the change in saturated thickness (see Equation
1 in Attachment 2A), the actual drawdown at this point would be
approximately 5 feet. If it is assumed that the recovery well is
20% efficient (a reasonable assumption), then the actual drawdown

Ls3s




in the well itself would be about 25 feet. The available saturated
thickness of the aquifer generally varies between 20 and 25 feet
at the site. Therefore, the assumption of 20 foot well spacings
and a discharge rate of approximately 0.24 gpm would be the well
design needed to capture ground water flowing into the Brazos
River. 1If a higher pumping rate was chosen, the well spacing could
be decreased, but the recovery wells would most likely be pumped
dry prior to maintaining a steady discharge znd cone of depression.

Summary

Calculations of the effectivenuss of a line of recovery wells
adjacent to the Brazos River have been completed. If no recharge
from the Brazos River is assumzed, the calculations show that
drawdown from intersecting cones of depression allow capture of
contaminated ground water from the site. This is accomplished at
a well spacing of 20 feet and an average discharge of about ¢.24
gpm, and effectively ceases the migration of contaminated ground
water to the river. if recharge equal to the recovery well
discharge is assumed, there is still ground water capture into the
recovery wells. At highsr flow (recharge) from the Brazos River,
the water levels in the aquifer would rise, causing a change in
flow direction to the south, thereby also precluding constituent
migration into the river.

In contrast, when the river is aessumed to act as a recharge
boundary, the calculated drawdown is greatly reduced and would be

only about C.5 feet maximum (Attachment 2B). This calculation
assumes that the input from the river equals 0.24 gpm per well.

LE3s
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/[ I A N AN AR SR M N G T D BE BE G am

Estimate of Maximum
Possible Discharge in Dewatering Wells
Ground Water Feasibility Study
Sheridan Disposal Services Site

Schematic ’Drw““l Only (et dcown + scale)

baA RGP, Ak prpued dewteing ell souced
3 spart o
Y powt of estinehn © O
lovd . ~
. Ed&! of Rwer <
woke —
‘3 D
+ 4+t r3E
 a A*B'c‘ﬁ“egl\
Image YRecharge" Wells to simulate
constant-head boundary at river's edge.
Assumptions:

(1) Effect of well a, to left of Point of Estimation, will be the
same as that of A, to the right.

(2) Aquifer behaves like a confined aquifer, that is the saturated
thickness is assumed not tu change, so that T doesn‘t change,
and the equation is valid. If the aquifer is unconfined,

drawdowns will actually be greater or available discharge will
be less.

(3) There is a constant-head boundary at the river's edge.
(4) Aquifer parameters:

T = 4 x 10° gpd/ft (based on SCRI)
Max. available drawdown = 24' = Aquifer Thickness

(5) Wells are spaced D feet apart, and located in a line B feet
away from the river.

(6) Net recharge other than from the river can be ignored for the
' @ pericd in question.

owns from adjacent wells can be superimposed.



Sclagrmahc —D’Wfﬂa C"“) (m*“ to sc.olo_)

Powt of esnmation O
e Dlz —y D

-
0
r-\.
<
-~
o

for i pair of wells

r, = [(2B)% + rjp*

We want drawdown increment from i' pair of wells

~ QW _(u) (r}
S 4xT (s]

3
where (u) = f,—r% EE}




ATTACHMENT 2A
Drawdown Assuming No Recharge

from Brazos River
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ESTIMATE OF DRAWDOWN FROM PUMP ING
ASSUMING CONSTANT SATURATED
SHER IDAN DI SPOSAL SERVICES.

ATTACHMENT 2A

IN RECNVERY WELLS
THICK IESS
HEMPSTEAL, TEXAS

PARAMETERS USED CEOME TRY
Trans. 4000 {GDdlft) WELL SPACING D (Ft) 20
S 1.00E-0Q3 DIST. TO RIVER B (Ft) 100
Qreal 0.24 (gpm) DISCHARGE RATE (gpm) TO
Qimage 0.00 (gpm) CAPTURE 17 gpd/ft 0.24
Time :365°30 (days)
DRAWDOWN ESTIMATED FOR POINT BETWEEN TWO WELLS
CUMULATIVE
DRAWDOWN
AT END OF DRAWDOWN
RECOVERY DIST. FROM DRAWDOWN LINE OF 10° PAST
OR IMAGE DISCHARGE ¢ TO WELL u w(u) INCREMENT  “1* WeLLS WELL “i*
WEL%INO. (gpm) (Ft) () ( (Ft) Ft) (Ft)
}
1 0.24 10.0 4,27E-09 1.87E+Q1 0.126 0.126 3.942
1 0.00 200.2 1.71E~06 1.27E+01 0.000 0.126 3.942
2 0.24 30.0 3.84E-08 1.65E+01 0.112 0.238 . 989
2 0.00 202.2 1.75€E-06 1.27€+01 9.000 0.238 3. 989
3 0.24 50.0 1.07E-07 1.55E+01 0.108 0.343 4.028
k] 0.00 206.2 1.81E-06 1.26E+01 ¢.000 0.343 4.028
4 0.24 70.0 2.09E-07 1.48E+01 0.100 0.443 4.003
4 0.00 211.9 1.926-06 1 26E+01 0.000 0.443 4.063
5 0.24 20.0 3. 46E-07 1.43E+01 0.097 0.540 4.095
5 .00 219.13 2.05E-06 1.25E+01 0.000 0.540 4.095
6 0.24 110.0 5.17e-07 1.39E+01 C.094 0.634 4.123
6 0.00 228.1 2.22E-086 1.24E+01 0.900 0.634 4.123
7 0.24 130.0 7.22€-07 1.36E+01 0.092 0.725 4.149
7 0.00 233.5 2.43E-06 1.24E+01 0.000 0.725 4.149
8 0.24 150.90 9,.61E-07 1.33E+01 0.090 0.815 4.172
a8 0.00 250.0 2.67E-06 1.23E+01 0.0C0 0.315 4.172
9 0.24 170.0 1.23E-06 1,30F+01 0.088 0.903 4.194
9 ¢.00 262.5 2.94E-06 1.22E+01 0.000 0.903 4.194
11 0.24 190.0 1.54E-06 1.28E+01 0.087 0.9%0 4.213
10 0.00 275.9 3.25E-06 1.21E+01 0.000 0.230 4.213
11 0.24 210.0 1.88E-G6 1.26E+01 0.085 1.075 4.2
11 0.00 290.0 3.59E-06 1.20E+01 0.000 1.075 4.211
12 0.24 230.0 2.26E-06 1.24E+01 0.084 1.159 4.247
i2 9.00 4.8 3.97E-06 1.19E+01 0.000 1.159 4. 247
13 0.24 250.0 2.67€-06 1.23E+01 0.083 1.242 4 262
13 0.00 320.2  4.38E-06 1.18E+01 0.000 1.242 4.262
14 0.24 270.0 3.11E-06 1.21E+01 0.082 1.324 4.276
14 0.00 3136.0 4.82E-06 1. 17E+0 1% ¢.000 1.324 4.276
15 0.24 290.0 3.59E-06 1.20E+01 0.081 1.405 4.288
15 0.00 352.13 5.30E-06 1.16E+0Q1 0.000 1.405 4.288
16 0.24 310.¢ 4_10E-06 1,18E+01 0.0680 1.485 4.299
16 0.400 168.9 5.81E-08 1.1S5E+01 0.000 1.485 4.299
17 0.24 330.0 4 .H5E-06 1.17E+01 0.079 1.564 4.308
i7 0.00 135.9  6.36E-06 1. 14E+01 0.000 1.564 4.308
18 0.24 i50.0 5.23E-06 1.16E+01 0.078 1.642 4.317
18 0.00 403.1 6.94E-06 1.13E+01 0.000 1.642 4.317
19 0.24 370.0 5.84E-06 1.15E+01 0.078 1.720 4.324
19 0.00 420.6 7.55E-06 1.13F+01 0.000 1.720 4.324
20 0.24 390.0 6.49€-06 1. 14E+01 0.077 1.797 4,330
20 0.00 418.3 8.20E-06 1.11E+01 0.000 1.797 4.330
21 0.24 410.0 7.14E-06 1. 13E+01 0.676 1.873 4.335
21 0.060 456.2 8.88E-06 1.11E+01% 0.000 1.873 4. 3135
22 0.24 430.0 7.8%E-06 1. 12E+01 0.076 1.949 43338
22 0.00 474.2 9.60E-06 1. 10E+01 0.000 1.949 4.339
23 0.24 450.0 8.65E-06 1.11E+01 0.075 2.024 4. 341
23 0.00 492 . 4 1.04E-05 1.09E+01 8.000 2.024 4.341
24 0. 24 470.0 9.43E-06 1. 10E+01 0.074 2.098 4.34)
24 0.00 510.8 1. 11E-05 1.08E+01 0.000 2.098 4.3143
25 0.24 490.9 1.03E-05 1.09E+01 0.074 2.172 4.344
25 0.00 529.2 1.20E-0S 1.08E+01 0.000 2.172 4.344

B-9
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L758 ATTACHMENT 2A (continued)

Page 2 of 2
ESTIMATE OF DRAWDOWN FROM PUMPING IN RECOVERY WELLS
ASSUMING CONSTANT SATURATED THICKMESS
SHER IDAN DISPOSAL SERVICES. HEMPSTEAD, TEXAS

26 0.24 510.0 1.11E-05 1.08E+01 0.073 2.245 4.343
26 0.00 547.8 1.28E-05 1.07E+01 0.000 2.245 4.343
27 0.24 530.0 1.20E-05 1.08E+01 0.07% 2.318 4.341
27 0.00 566.5 1.37E-05 1.06E+01 0.000 2.318 4.341
28 0.24 §50.0 1.29E-05 1.07E+01 0.072 2.390 4.339
28 0.00 585.2 1.46E-C5 1.06E+01 0.000 2.390 4.319
29 0.24 570.0 1.39E-05 1.06E+Q1 0.072 2.462 4.315
29 0.00 604.1 1.56E-05 1.05E+01 0.000 2.462 4.335
30 0.24 590.0 1.49E-05 1.0SE+Q1 0.071 2.533 4.330
30 0.00 623.0 1.66E-05 1.04E+0? 0.000 2.533 4.339
31 0.24 610.0 1.S59E-05 1.05E+01 0.071 2.604 4.324
31 0.00 642.0 1.76E-05 1.04E+01 9.000 2.604 4.324
32 0.24 630.0 1.69E-05 1.04E+01 0.070 2.674 4.117
a2 0.00 661.0 1.87E-05 1.03E+01 0.000 2.674 4.317
13 0.24 650.0 1.80E~05 1.03E+01 0.070 2.744 4.108
33 0.00 680.1 1.97E-05 1.03E+01 0.000 2.744 4.308 <t
34 Q.24 670.0 1.92E-05 1.03E+01 0.070 2.814 4.299
34 0.00 699.2 2.09€E-05 1.02E+01 0.000 2.814 4.299 O
35 0.24 690.0 2.03E-05 1.02E+01 0.069 2.883 4.288 [~
35 0.00 718.4  2.20€E-05 1.01E+01 0.0600 2.883 4.288
36 0.24 710.0  2.15€-05 1.02E+01 0.069 2.952 4.276 <<
36 ¢.00 737.6  2.32E-05 1.01E+01 0.000 2.952 4.276
a7 0.24 730.0 2.28E-05 1.01E+01 0.068 3.020 4.262 v
37 0.00 756.9 2.45E-05 1.00E+01 ¢.000 3.020 4.262 o
38 0.24 750.0  2.40E-05 1.01E+01% 0.068 3.088 4.247
38 ¢ 00 776.2 2.57€-05 9.99E+00 0.000 3.088 4.247
39 0.24 770.0  2.53E-05 1.00E+01 0.068 3.156 4.231
39 0.00 795.6  2.70E-05 9.94€E+00 0.000 3.156 4.231
40 0.24 790.0 2.66E-05 9.96E+00 0.067 3.223 4.213
40 0.00 814.9 2.84E-05 9.89E+00 0.000 3.223 4.213
41 0.24 810.0 2.80E-05 9.91E+00 0.067 3.290 4.194
41 0.00 834.3 2.97E-05 9.85E£+00 0.000 3.290 4.194
42 0.24 830.0 2.94E-05 9.86E+00 0.067 3.357 4.172
42 0.00 853.8 3.11E-05 9.80E+0Q0 0.000 3.357 4.172
43 0.24 850.0 3.08€-05 G.81E+00 0.066 3.423 4.149
43 0.00 873.2 3.26E-05 9.76E+00 0.000 3.423 4.149
44 0.24 870.0  3.23E-05 9.76E+00 0.066 3.489 4.123
44 0.00 892.7 3.40E-05 9.71E+00 0.000 3.489 4.123
45 0.24 890.0 3.38E-05 9.72E+00 0.066 3.555 4.095
45 0.00 912.2 3.55E-05 9.67E+00 0.000 3.555 4.095
46 0.24 910.0 3.54E-05 9.67E+00 0.065 3.621 4.063
46 0.00 931.7 3.71E-05 9.63E+Q0 0.000Q 3.621 4.063
47 0.24 930.0 3.69E-05 9.63E+00 0.065 3.686 4.028
47 0.00 951.3  3.86E-05 9.58E+00 0.000 1.686 4.028
48 0.24 95C.0 3.85E-05 9.59E+00 0.065 3.750 3.989
48 0.00 970.8 4.02E-05 9.54E+00 0.000 3.730 3.989
49 0.24 970.0 4.02E-0S 9.5SE+C0 0.065 3.818 3.942
49 0.00 990.4 4.19E-05 9.50E+00 0.000 3.815 3.942
50 0.24 990.0 4.18E-05 9.50E+00 0.064 3.879 1.879
50 0.00 1010.0  4.36E-05 9.46E+00 0.000 3.879 3.879
DRAWDOWN ESTIMATED 0.25 Ft. FROM CENTER OF PUMPING WELL
CUMULAT IVE
) DRAWDOWN
RECOVERY DIST. FROM DRAWDOWN AT END OF
OR {MAGE DISCHARGE O TO WELL U W(u)  INCREMENT  LINE OF
WELL NO.  {gpm) (Ft) () () (Ft) {® WELLS
(i} (Ft}
0 0.24 0.25 2.67€-12 2.61E+01 0.176 4.446
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L757 ATTACHMENT 2A

EQUATION 1:
Correction for Drawdown

S 8 S =5-(572/2/8)
o 24 0.00
1 24 0.98
2 24 1.92
3 24 2.81
4 24 1.67
3 24 4.48
6 24 5.25
7 24 5.98
8 24 6.67
9 24 7.31 i
10 24 7.92
1 24 3.48 \O
12 24 9.00 ~
13 34 9.48 <
14 24 9.92 -
15 24 10.31 o
16 24 10.67
17 24 10.98
18 24 11.25
19 24 11.48
20 24 11.67
21 24 11.81
22 24 11.92
23 24 11.98
24 24 12.00

where S = drawdown
S’ = corrected drawdown
8 = saturated thickness of aquiter

B-11
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Drawdown Assuming Recharge from the Brazos River




L759 ATTACHMENT 2B
Page 1 of 2
ESTIMATE OF DRAWDOWN FROM PUMPING iN RECOVERY WELLS
ASSUMING CONSTANT SATURATED THICKNESS
SHER IDAN DISPOSAL SERVICES., HEMPSTEAD. TEXAS
PARAMETERS USED CEOME TRY
Trans. 4000 (gpd/ft) WELL SPACING D (Ft) 20
S T 1.00E-03 DIST. TO RIVER 8 (Ft) 100
Qreal : 0.24 {opm DISCHARGE RATE {opm) 1O
Qimage ~0.24 (gpm CAPTURE 17 gpd/#t 0.24
Time 136530 (days)
DRAWDOWN ESTIMATED FOR POINT BETWE:N TWO WELLS
CUMULAT IVE
CRAWDOWN
RECGOVERY AT END OF DRAWDOWN
OR IMAGE DIST. FROM DRAWDOWN LINE OF 10° PAST
WELL NO. DISCHARGE O TO WELL u w(u) INCREMENT  “1* WELLS WELL “e
(i) {gpm (Ft) () () {Ft} (Ft) (Ft.)
1 =-0.24 200.2 1.71€-06 1.27E+01 -2.08%6 0.041 0.299
2 24 30.0 3.84E-08 1.65E+01 0.112 0.152 G.411
2 -0.24 202.2 1.75€-06 1.27E+01 -3.086 0.066 0.325
3 0.24 50.0 1.07€E-07 1,SSE+01 0.105 0.171 0.429
3 -0.24 206.2 1.81E-06 1.26E+01 -0.086 0.0886 0.344
4 0.24 70.0 2.09E-07 1.48E+01 0.100 0.186 0.444
4 «0.24 211.9 1.92E-06 1.26E+C1 ~0.085 0.101 0.359
5 .24 90.0 3.46E-07 1.43E+01 0.097 0.197 0.45%6
5 «0.24 219.3 2.05E-06 1.25E+01 -0.0as5 0.113 0.371
6 0.24 110.0 5.17E-07 1.35E+01 0.094 0.207 0.465
6 -3.24 228.3 2.22E-06 1,24E+01 -0.084 0.122 0.381%
7 0.24 130.0 7.22E-07 1.36E+01 0.092 0.214 0.472
7 -0.24 238.5 2.43E-06 1.24E+01 -0.084 g.131 0.389
8 0.24 150.0 9.61E-07 1.33E+01 0.090 0.220 0.479
8 -0.24 250.0 2.67E-06 1.23E+01 -0.083 0.138 0.396
9 0.24 170.0 1.23E-06 1.30E+01 0.088 0.226 0.484
e -0.24 262.5 2.94€E-06 1.22E+01 -0.082 0.143 0.402
10 0.24 190.0 1.54E-06 1.28£+01 0.087 0.230 0.488
10 ~-0.24 275.9 3.25E-06 1.21E+01 -0.082 0.148 0.406
11 0.24 210.0 1.88E-06 1.26E+0Q1 0.085 0.234 0.492
11 -(.24 290.0 3.59E-06 1.20E+01 -0.081 0.153 0.411
12 0.24 236.0 2.26E-086 1.24E+01 0.084 0.237 0.495
12 -0.24 304.8 3.97E-06 1.19E+01 -0.080 0.157 0.414
13 0.24 250.0 2.67E-06 1.23E+01 0.083 0. 240 0.497
13 -0.24 320.2 4.38E-06 1.18E+01 -0.080 0.160 0.418
i4 0.24 2706.0 3.11E-06 1.21E+01 0.082 0.242 0.499
14 -0.24 336.0 4.82E-06 1.17E+01 -0.079 0.163 0.420
15 Q.24 290.0 1.5%E-06 1.20E+01 0.081 0.244 0.501
15 -0.24 152.3 5.)30E-06 1.16E+01 -0.078 0.166 0.423
16 0.24 310.0 4 10E-06 1.18E+01 0.080 0.246 0.5013
16 -0.24 168.9 5.81E-06 1.15E+01 -0.078 0.163 0.425
17 0.24 330.0 4.65E-06 1.17E+01 6.079 0.247 0.504
17 «Q 24 385.9 6. 36E-06 1.14E+01 -0.077 Q.170 0.427
18 0.24 350.0 5.23E-06 1.16E+01 0.078 0.248 0.505
15 -0.24 403.1 6.94E-06 1.13E+01 -0.076 0.172 0.429
19 0.24 370.0 5.84E-06 1.15E+01 0.078 0.259 0.506
19 -0.24 420.6 7.55E-06 1.12E+01 -0.076 0.174 0.430
20 0.24 390.0 6.43E-06 1.14E+01 0.077 0.251 0.507
20 -0.24 438.3 B.20E-G6 1.11E+01 -0.075 0.175 0.432
21 0.24 410.90 7.18E-06 1.13E+01 0.076 0.251% 0.507
21 -0.24 456.2 8.88E-06 1. 11E+01 -0.075 0.177 g.413
22 0.24 430.0 7.89E-06 1.12E+01 0.076 0.252 0.508
22 -0.24 474 .2 9.60E~06 1.10E+01 -05.074 0.178 0.434
23 0.24 450.0 8.65E-06 1.11E+01 0.075 0.253 C.508
23 ~0.24 492.4 1.04E-05 1.09E+01 -0.074 0.179 0.434
24 Q.24 470.0 9 43E-06 1. 10E+01 0.074 0.254 0.508
24 -0.24 510.8 1.11E-05 1.08F+01t -0.073 0.180 0.435
25 0.24 490.0 1.03E-05 1.09E+01 0.074 0.254 0.508
25 -0.24 529.2 1.20E-05 1.08E+01 -0.073 0. 0.
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ATTACHMENT 28 (continued)

ESTIMATE OF DRAWODCWN FROM PUMP IN
ASSUMING CONSTANT SATURAT
IDAN DISPOSAL SERVICES. H

ORAWOOWN ESTIMATED 0.25

DIST. FROM
OoR iMAGE DI?CHARGE 0 TO WELL

(Ft}

- 11E-05
-28E-05
.20E-05
.37E-Q5
.29E-05
. 46E-05
-39E-05
.56E~05
. 49E-05
.66E~-05
.59E-05
. 76E-05
.69E-05
-87E-05S
.BOE-05
.97E-05
-92E-05
.09E-05
.QJE-05
. 20E-Q5
. 15€-05
-32E-05
.28E-05
-45E-05
.40E-QS
.57€-05
-33E-0S
.70E-05
-66E-05
.84E-05
. 80E-05
.97E-05
.94E-05
-.11E-05
-08E-Q5
. 26E-05
.23E-05
. 40E-05
.38E-0S
.95E-05
.S4E-05
.71E-05
.69E-05
.86E-0S
.85E-05

. 19E-Q5
- 1BE-0S

1.08E+Q1
1.Q7E+01
1.08E+01
1.06E+Q1
1. 07E+01
1.06E+01
1.06E+01
1.05E+«01
1.05E+01
1.04E+01
1.05E+01
1.04E+01
1.04E+01
1.03E+01
1.03E+01
1.03E+01
1.03JE+
1.02E+01
1.02E+01
1.01E+01
1.02€E+01
1.01E+01
1.01E+01
1.00E+01
1.01E+01
9.99E+00
1.00E+01
9.94E+00
9.96E+C0
9.89E+00
9.91E+00
9.85€E+00
9.86E+00
9.80E+00
9.81E+00
9.76E+00
9.76E+00
S.71E+00
9.72E+00
9.67E+00
9.67E+00
9.61E+00
9.63E+00
9.58E+00
9.59E+00
9.54E+00
3.55€+00
9.50E+00
9
9

0.
-0,

-

0.
-0.

0.
-0.

0.
~0.064

073
072

0.073
¢.072
0.072
-0,
0
0
0

071

.072
.071
.M
071
.071
.070
070
.070
.070
069
.070
.069
.069
.069
.069

G IN RECOVERY WELLS
ED THICKNESS
EMPSTEAL}), TEXAS

0

o

0

0

0.
C.184
0

0

0

0

194

Ft. FROM CENTER OF PUMPING WELL

u

----------- -

57E-12

2.61E+01

0.

176

CUMULAT IVE
DRA

WDOWN

AT END OF
LINE OF

"1 WELLS
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ODOOOOQOQODQOOOOOOOOOOOO@OOOQQDOODOO
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COST ESTIMATE DETAILS
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Tabile C~1

Unit Cost Ectimation
Cost Gf One Sampling Event

Number of Samp'es Per Event:

Upgradient Shallow wel|s

Downgradient Shallow wells

Upgradiert Deep Wellg

Downgradient Deep Wells

Field Bianks

Upgradient Repiicates

Downgradient Replicates

Surface Water Samples (1 upstream. 2 downstream)

_-...----.--—--—-—--n..---u-—---w----—----—-—--—.------.--

Total Number of Samples

014770

Cost Per Sample

e e ke .

HSL Analysis $1.280

Cost of Analyses Per Event = 18 Samples X $1.280/5ample $23,000 (Rounded)
Cost of Sampling (Labor. Materials, etc)

Tota! Cost Per Event $33.000




1926
Table C-2
Unit Cost Estimation
Well Instaifation Cost
Drilter's cost (3$335/ft X 60 ft) 2.100
Materials 200
Travet Expense 100
Subtotal Expenses 2.600 Al
+ 10% Mandl Ing 260 i~
]\..
<t
Labor (Geologist 12 Hrs. @ $50)° 600
Labor {technician 4 Hrs. @ $35) 140 A
Labor (Drafting 4 H.s. @ $40) 160 o
Subtotal 3.7690

o e

Round to: $4,000

* Inclydes supervision of driller, well logging, ptus 4 hrs.
wal| development.




L561 Tabie C-3
Unit Cost Estimation

Treatment Unit

Total
Quantity Units Unit Cost cast
intluyent Holding Tank (10,000 ga'.) 1 Each 20,0C0 20.000
Sand Fllter (30" dlameter) 1 Each 10.000 10.000
Element Filters {15 Micron) 2 Each 2,500 5.000 o~
Feed Pumps {75 gpm) 2 Each 5.000 10,000 M~
~
GAC Units (200 {bs. ea.) 4 kach 00 2.400 <
Alr Compressor (15 HP) 1 Each 206,000 20.000 ";
Backwash HOiding Tank (2,500 gai.) 1 Each 5.000 5.000
Subtotal - Equlpment Cost $ 72.400
Instaltation (incl. Foundation, Labor)
40% of gquipment Costs [a) 29.000
Piping & Materials 50% of Equipment Cost [a] 36,200
Electrical wmaterlals & Installation 7.200
10% ot gquipment Costs [al
instrumentation Materials and Instaltation 7.200
10% ot gquipment costs [a)  aeea-.
Subtotal Inytalled Equipment & Matl’s Cost $152,000
Utilities Moyok-ups 6.700

---------

{Rounded) $158.,000

fa)l Factors gptalined from Peters and Tlimmerhaus., "Plant Dasign and
Economics for Chemical Engineers”, McGraw Hill, 1963.

C-4




TABLE C-4
COST ESTIMATION

Well Pumps Installation Cost
(Alternative C - rartial Slurry walt)

Quantity Units Unit Cost Total

-]

control Panel

Total Eguipment Cost

0147753

Installation @40%
of Equlpment Cost

Equipment installed

Material Cost
Air Supply Line
Control Air Line
Discharge Piping
Condui t

TOTAL INSTALLATION COST
Round to:




TABLE C-5

COST ESTIMATION

Treatment Unit Operation

Annual Costs

I tem Quantitty
Operating Labor 1.040
(Hatf Time)
Power Consumption 33.000
(Pumps Oniy -
2 HP Continuous)
Carbon Unlit Replacement 4
Filter Cartridges 208
{1 Per week Per Flliter)
Disposal of Siit & Spent 24
Cartidges
Anaivtical Costs
1 HSL Test Per Month 12
1 Routine Afalyses/wk 52
Capital Maintenance
5% of Capital Ccost 1

Total Qperation Cost

Units

- -

Manhours

KWH

Each

Each

Dr ums

Each
Each

L.5.

$

Unit Cost

e L R R,

30

0.08

3,600

50

200

1,280
30

9,150

Round to:

Total Cost

-

14.400

10.400

4.800

$91.030

31.000

014774
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TABLE C-6
COST ESTIMATION
Welt Pumps Instailation Cost
(Alternative D - Recovery Wells)
| tem Quantity Units Unit Cost Tota! Cost
PuUmps 75 Each L 1 500 $ 37.500
control Panel 25 Each 1.100 27.500 ﬁ:
Total Equipment Cost 65,000 M~
<t
b
Installation €40% o
of Equipment COst 26.000
Equipment Installed 3 91,000

Material Cost

Alr Supply Line 3,250 L.F. 2 6.500
control Air Line 3,250 L.F. 1 3.250
Discharge Piping 3.250 L.F. 7 22.750
conduit 3.250 L.F. 4 13,000

s 45.500
TOTAL [(NSTALLATION COST $ 136.500

Round to: $ 137.000
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L556 Table C-7

Capital Costs for
Sensitivity Analysis -~ Volume of Water Treated

Alternative C Alternative D
Partial Slurry wall Recovery Welis
Basis w/ Ground wWater w/ Cround Water
ot Treatment Treatment
case ($M) ($M)
10 gpm for $758 $1.003 0
25 years [~
10 gpm tor 758 1.003 ™~
75 vears ~
-
20 gpm for 450 1.085 o
25 vyears
20 gpm for 850 1,095
75 vears

(a] Capital costs for different flow rates are calculated from the hase
case cost estimate by mulitipiving by the ratio of the ftow rates
raised to the six-tenths power.




L558& Table C-8

Operating and Maintenance Costs for
Sensttivity Analysis - volume ot Water Treated

Alternative C Alternative D
Parttal Slurry wali Recovery wells
Basis w/ Ground Water w/ Ground Wwater
ot Treziment Treatment
Case ($M) ($M)
10 gom for $2.616 $3.136
25 years
10 gom for 7.848 9,408
75 years
20 gom for 3,347 4,235
25 years
20 gom for 10,042 12.704
75 years

[a}l Aassumptions: Fixed costs include ground water monltoring., wel!
pumps maintenance. operating tabor. and analytical costs.
varlable costs include power consumption. carbon unit repiacement.
tilter cartridges. dlsposal costs. capltal maintenance for the
treatment unit, and cost of well pumps operation.

(b] The 75 year operation costs are three times the 25 year costs.

{c] These costs are present value with Interest rate cancelling the
effects of infiation,

014777




